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PREFACE 

By l e tter d a t e d  Jun e  2 0 ,  1 9 7 8 ,  the Nat i o n a l  Petrole um Counc i l ,  
an  indus try adv i sory comm i ttee to the Se cre tary o f  Energy , was re 
que s t ed to prepare a n  a n alys i s  of po ten t i a l  n a t u r a l  g a s  re cover y 
f rom coal seam s , Devon i an Shal e , g eopre s s ured b r i ne s , a nd t ig h t  g as 
re se rvo i r s . I n  reque s t i ng the s t udy , the Secre tary s tat ed that : 

• • •  Your a n a lys i s  s hould a s s e s s  the re source b a s e  a nd the 
state-o f- the- a r t  o f  recovery technology . Ad d i t iona l ly , 
your appr a i s a l  s hould i n c l ude the o u tlook for co s t  a nd 
recovery o f  unconv e n t ional gas and sho u l d  con s i d e r  how 
g over nme n t  po l ic y  can improve the o u tlook . (See 
Appe nd i x  A for comp l e te te x t  o f  the S e c r e tary's l e t t e r  
a n d  a f ur t h e r  d e scr i p t ion o f  t h e  N a t ional Pe t ro l e um 
Co unc i l . )  

To a id i t  in  re spond i ng to th i s  reque s t , the N a t i o n a l  Pe tro l e um 
Counc i l  e s tabl i shed a Comm i t tee on Unco nve n t io n a l  Gas Source s under 
the cha i rman s h ip o f  Jo hn F .  Bookout , Pres i d e n t  and Ch i e f  E x ec ut ive 
Of f i ce r , Shel l Oil  Company . R .  Dob i e  Lange nkamp , Dep uty As s i s ta n t  
S e cre tary f o r  Re source De velopment & Ope ra t i o n s , Re source Appl i c a
t ions , U . S .  Depar tmen t  o f  Ene rgy , se rved a s  Gover nme n t  Coc h a i rma n 
o f  the Comm i t tee . A Coord inat ing Subcomm i ttee a nd four task 
groups , by source , we re fo rmed to as s i s t  the C omm i t te e . The Coal 
Seam s  Ta sk Group was c ha i red by Wi l l i am N .  Po und s tone , Conso l i d a 
t ion C o a l  Company , a nd cocha i red b y  Troyt York o f  t h e  Depar tme nt o f  
Energy . (Ro s t e r s  o f  the s tud y g ro ups r e s po n s i b l e  for th i s  v o l ume 
are i nc l ud ed in  Append i x  B . ) 

The Nat ional Pe trole um Counc i l 's report on U nconve n t i o n a l  G a s  
S ources i s  be i ng i s s ue d  i n  f iv e  vol umes :  

• Vo l ume I Ex ec ut iv e  Summary 

• Vo l ume I I  Coa l  Se am s  

• Vo l ume I I I  - De von i an Shale 

• Vo l um e  I V  Ge opre s sured Br i n e s  

• Vo l um e  v T i g h t  Ga s Re se rvo i r s . 

The Coal Se am s , Devon i an Shal e , and Ge opre s s ured Br i n e s  v o l um e s  are 
be i ng i s s ued in Jun e  1 9 8 0  w i th the Exe c u t ive S ummary and T ig h t  Ga s 
Re servo i r s  v o l umes b e ing i s s ued i n  l ate 1 98 0 . 

For each source , r e s e rve add i t ions and prod uc i ng r a t e s  are cal
c ul ated a t  f ive g a s  pr i ce s , three r a te s  o f  r e t ur n , a nd at l e a s t  two 
l ev e l s  of techno l ogy . Con s tant Ja nuary 1 ,  1 9 7 9 , d o l l ar s  were used 
i n  all  analyse s . The re port prese n t s  e s t ima te s  o f  what c o u l d  
ha ppen under certa in techn ical and econom ic c ircums tanc e s  and i s  
n o t  i ntended t o  repre s e n t  a fore c a s t  o f  what w i l l  o c c u r . 
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S UMMARY 

The ma i n  obj e c t ive o f  th i s  report i s  to go beyond the proj e c 
t ion o f  i n- p l ace coal- bed g a s  resourc e s  i n  the Un i ted S t at e s  and 
attempt to e s t ima te wha t  frac t ion o f  th i s  re source is e conom ic al ly 
recoverab l e . Pr oj e c t io n s  are based on the econom i c  a n a l y s i s  o f  
s tat e-o f-the-art technology and e x trapo l a t ion o f  g a s  recovery r a te s 
f rom h i s to r i c a l  d ata . S i nce the total quan t i ty o f  i n- p l ac e  g a s  i s  
qu i te s ub s tan t i a l , and s i nc e  most s t ud ie s  done i n  the p a s t  h av e  
addressed only th i s  total re source base , a n  impre s s ion h a s  b e e n  
created t h a t  t h e  s i ze o f  t h e  econom ic al ly recov e r a b l e  re s e rv e s  i s  
a l so very l arg e . Th i s  report attempts to prov i d e  a qua l i f ied and 
ed uc ated g ue s s  as  to the quan t i t i e s  of coal- bed gas that co u l d  be 
recovered und er v a r i o u s  pr i c e  scenar i o s . 

Da ta on the g a s  content o f  coa l s  i n  pl ace are very sparse , be
i ng l imi ted to about 5 0  coal seams o u t  o f  the many h und r e d s  tha t 
are known to e x i s t . Be s id e s , the b u l k  o f  d a t a  av a i l ab l e  pe r ta i n  to 
mineable b i t uminous coal seams , where concern for m i ne s a fe ty pr o
v id ed the pr imary impe tus for col l e c t ion o f  g as - r e l a ted i n forma
t ion . Ove r  the pa s t  few years some d a ta have been obta i ned spec i f 
i ca l l y  for propo sed g a s  recove ry proj e c ts , b u t  the total amount o f  
in format ion i s  s t i l l  q u i te i n adequate for prope r a n a l ys i s . 

Theore t ic a l  mod e l s  to proj e c t  the f l ow o f  g a s  thro ug h  porous 
med i a ,  s uc h  as  coal , are in use . However , the phy s ic a l  prospe c
t use s o f  coal tha t  are r e l evant i n  s uch a n a l y s e s  are no t ava i l abl e 
for a v a s t  maj or i ty o f  coal seams i n  the country . Ac tual e x per i
ence w i t h  gas recove ry pro j e c ts is a l so q u i te l im i te d , and the r e 
s ul ts to d a te hav e shown s ub stant i a l  v a r i ab i l i ty . I n  v i ew o f  th i s  
pauc i t y  o f  i n forma t ion , a s  we l l  as  expe r i e nce , t h e  s t udy part ic i 
pants coul d do no be tter than to e x trapo l ate f rom the l i t t l e  that 
is known by mak i ng c e r t a i n  g ross a s s umpt ions on cos ts a nd prod u c 
t ion . Th e r e s u l ts s houl d , there fore , b e  v i ewed a s  noth i ng more 
than an orde r-o f-mag n i t ud e  proj ect ion b a s e d  on c ur r e n t  i n format ion . 
A concerted e f fort w i l l  hav e to be made to col l e c t  much more i n for
ma t ion and to acq u i r e  much more expe r i e nce be fore r e l i ab l e  e s t i 
mates could prope r l y  be proj e c ted . 

Pr e- d ra inage o f  s ig n i f ic ant amoun t s  o f  coal- b ed g a s  i s  l ike ly 
to h ave a pos i t ive e f fe c t  on the s a fe ty of  eve n t u a l  m i n i ng oper a
t ions . However , there i s  r i sk i nvolved i n  recov e r i ng g as f rom coal 
beds by h ydra ul i c  fractur i ng o f  coal s e ams t hro ug h v e r t i ca l  we l l s . 
S e r ious concern was e xpres sed that the f r a c tur i ng tec hn i que had the 
po tent i a l  of  r e nd e r i ng some coal seams unm i n e ab l e  or , at  the very 
l ea s t , i ncreas i ng the l ike l ihood of roo f d amage in m i ne s  a nd the re
by j eopard i z i ng the s a fety o f  mine workers and a f fe c t i ng the cos t 
o f  m i n i ng . S i nce the e nergy content o f  the g a s  amoun t s  to o n l y  1 
to 2 percen t  o f  the e nergy content o f  coal , some s t udy par t ic ipant s 
f e l t  that even a l i t t l e  r i sk i n  th i s  reg ard was unwarranted . I f  
the al ternat ive approache s to g a s  recovery through hor i zon t a l  o r  
s l ant hol e s  man i fe s t  comparabl e  l eve l s  o f  g as recovery e conom i c s , 
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t he que s t ion o f  hyd raul ic frac tur ing may become moo t . I n  t h e  mean
t ime , the r i s k  o f  d amage to coal s e ams be i ng m i n ed or l i ke l y  to b e  
m ined n e e d s  to b e  a s s e s s e d  care ful ly for e ac h  s i t u a t ion . 

T h e r e  are other con s tr a i n t s  that w i l l  need to be ad d r e s s e d  a nd 
wh ich are e l aborated on l a ter i n  th i s  repor t .  The g re a te s t  con
s tr a i n t s  are the i s s u e  of l e g a l  ownersh i p  of g as and the prob l em o f  
the tre a tment and d i s po s a l  o f  water i n  accord a nce w i th appl i c abl e 
e nv i ronmental requ i rements . 

Ke e p i ng the abov e qual i f i c a t ions i n  m i nd , the s t udy h a s  p ro
j ec ted q ua n t i t i e s  o f  econom i c  re s e rv e s  o f  coal-bed g a s  for the c a s e  
whe r e  t h e  raw g a s , a s  prod uced , could b e  u s ed on s i t e a t  r e l a t iv e l y  
l ow pre s s ure s . The se proj e c t ions a r e  s hown i n  Tab l e  8 .  Al so i n
c l ud ed are proj e c t io n s  o f  the l ike ly annual r a t e s  o f  prod u c t i o n  o f  
th i s  g a s , u nd e r  t wo d i f ferent scenar ios , u p  t o  the y e a r  2 0 0 0 .  I n  
o ne s c e nar io , g as i s  recovered by v e r t i c a l  we l l s  a nd hyd ra u l ic 
s t im ul at ion , and in the othe r , th i s  is done us i ng s h a f t s  and 
hor i zo n t a l  dr i l l i ng . 

A s eparate s e t  o f  e conom i c s i s  presented for the case whe r e  the 
recovered gas w i l l  need scr ubb i ng for removal of c arbon d iox i d e  and 
o th e r  contam i n a n t s , h ig h-p re s s ure compre s s ion , a nd d e l ivery to an 
of f s i te u t i l i ty p i pe l i n e . 
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C HAPTER ONE 

INTRODUCTION 

RE PORT OBJECT I VES 

The ob je c t ive s  of  th i s  ana lys i s  o f  coa l-bed gas are to : 

• Ident i fy and evaluate the re source b a s e  o f  the coa l-bed g a s  

• As sess t h e  s t a t e-o f-the-art o f  coa l  g a s  recovery te chnology 
w i th pro jec t ions for the f u ture 

• Pro je c t  the econom i c s  of g as re covery pro je c t s  and qua n t i fy 
the amoun t s  of  recoverable gas a t  v a r i o u s  s upport l eve l s  

• Pro je c t  r a t e s  o f  recovery o f  th i s  re s e rve to the year 2 0 0 0  

• Ana l y ze the con s tr a i n t s  wh ich may pre c l ude recovery l e ve l s  
from be ing ach ieved . 

ORI G I N  OF COAL-BED GAS 

Coa l-bed gas i s  formed d ur i ng the n a t ur a l  proce s s e s  t h a t  l ead 
to the forma t ion of coal . Al though much of the g a s  formed d u r ing 
the i n i t i a l  coal i f i c a t ion process is l o s t  to the a tmosphere , a s i g
n i f icant por t ion is r e t a i ned in one of three ways : 

• As free g a s  con t a i ned i n  the cracks and f r a c tures o f  the 
coal bed 

• As ad sorbed gas on the i n tern a l  s u r f aces o f  m i c ropore s  w i th
in the s truc ture o f  the coal i t se l f  

• As desorbed g a s  i n  ad jacent s tr a t a  wh i c h  may s e rve a s  s up
pleme n t ary re s e rvo irs for s uch g a s . 

CHEM ICAL COMPOS I T I ON OF COAL-BED GAS 

Me thane ( CH 4) is the pr imary component o f  coa l - bed g a s , gen
e r a l l y  c ompr i s i ng 8 5  to 9 9  percent by vol ume . Other h yd rocarbon s 
account for m i nor quant i t ie s , not e xceed ing 2 percen t , wh i l e  con
tam i nan t s  s uch as  carbon d io xide ( C 02 ) and n i troge n ( N 2 ) make 
up the re s t .  Tab l e  l ( see Append i x  I ,  Re f .  l )  s hows the a n a l y s i s  
o f  g a s  from some s e l e c ted coal bed s , and a l so the aver age compos i 
t ion o f  natur a l  g as . 

Th e presence o f  carbon d io xide , as  ev idenced by mos t  o f  the g as 
recovered from the P i t t sb urgh s e am ,  pos e s  a po te n t i al probl em be
cause o f  i t s  corro s ive a c t ion i n  a s soc i a t ion w i th water and the 
impac t that it  c a n  h ave on d e l ivery l i nes , compre s sors , e tc . Al l 
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TABL E 1 ' 

ComEosition Of Coal-Bed Gas* Compared With Natural Gast 
( Shown In Percent ) 

Poc ahontas Lower Mary Natur al 
# 3  Pittsburgh Kittanning Hartshorne Lee Gas 

CH4 9 6 . 3 7  9 0 . 75 9 7 . 3 2  9 9 . 2 2  9 6 . 0 5  9 4 . 4 0  

C 2H6 1 .  3 9  0 . 2 9 0 . 0 1  0 . 0 1  0 . 0 1  3 . 8 0 

C 3H8 0 . 0 1 4 7 - - -- -- - - 0 . 6 

C4H 1 0  0 . 0 0 0 8  - - - - - - -- 0 . 3  

C5H 1 2  -- - - - - -- -- 0 . 2 

02 0 . 1 7  0 . 2 0  0 . 24 0 . 1 0  0 . 1 5  

N2 1 .  7 0 . 5 9  2 . 3  0 . 6  3 . 5  0 . 4  

C02 0 . 3 6 8 .  2 5  0 . 1 4  0 . 0 6 0 . 1 0  

H2 0 . 0 1  

He 0 . 03 - - -- -- 0 . 2 7 

Btu/SCF§ 1 ,  0 59 9 7 3  1 , 0 3 9  1 ,  0 58 1 , 0 2 4  1 , 0 6 8  

*Deul , M . , and Kim , A .  G . , "Methane in Coal: From Liability t o  A s set , "  Mining Congres s 
Journal . 

tMoore , B .  J . , et al . , "Analyses of Natural Gas of the United State s , "  USBM IC 8 3 0 2 , 1 96 6 .  
§ Briti sh thermal unit per s tandard cubic foot a t  atmospheric pressur e .  Note: 2 5 2  k i logram 

calor ies per Btu and 0 . 0 283 cubic meters per cubic foot . 



u t i l i t i e s  spe c i fy a ma ximum l im it for c arbon d io xid e ,  a nd whe r e  
coa l-bed g a s  e xc e e d s  th i s  l im i t , i t  w i l l  n e e d  t o  b e  "sc r ubbed " o r  
c l eaned be fore i t  c a n  b e  d e l iv ered i n to s u c h  a u t i l i t y  p i pe l ine . 

The heat content o f  most coal- bed g a s  v ar i e s  f rom about 8 50 B t u  
t o  about 1 , 0 50 B t u  pe r c ub ic foo t . For p urpo s e s  o f  t h i s  s t udy , a n  
averag e v a l ue o f  1 , 0 0 0 B t u  per cub ic foot i s  a s s um ed . 

L IBERAT ION OF C OA L -BE D GAS 

Some of the g a s  t h u s  e n trapped i n  a nd around coal s e ams can be 
l iberated e i ther by the ac t of  m i n i ng i t se l f  o r  by t e c h n ique s  o f  
pr e-mi n i ng d eg a s i f ic a t ion . The l iberat ion o f  l arg e amo un t s  o f  ga s 
i n  the m i n i ng o f  some o f  the more g as sy coal s e am s , and the r i sk o f  
ign i t ion and e xpl o s ion rel ated there to , h as e s t abl i s h ed a need fo r 
i nv e s t ig a t ing the occ urrence o f  coal-bed g as for many y e ar s . T hu s , 
wh i l e  the impe t u s  for d eg a s i f icat ion has pr ima r i l y  c ome from co n
s id erat ions of s a fe m i neab i l i t y , i t  has been recog n i ze d  for some 
years now t h a t  th i s  g a s  could hav e  val ue as a s uppl eme n t a l  e n e rgy 
s ource if  it  could be commerc i a l l y  recovered and used . 

Ge ne ral ly , three mod es o f  g as l iberat ion are recog n i ze d : 

• Ga s l iberated a t  the m ine face where coal i s  c u t  and l oaded 
or from the r ib s  and p i l l ars o f  coal l e f t  i n  pl ace . Th i s  
gas i s  c a r r i ed away i n  the m ine v e n t i l at io n  a i r  current i n  
an e xtr eme l y  d i l u ted form , and i s  prob abl y  no t ame n ab l e  t o  
a ny econom i c  recov ery , e v e n  a t  h ig he r  p r i c e s . Re s e a r c h  e f
fort i s  a nd h a s  bee n , there fore , b e t t e r  d i rec ted a t  recove r
i ng as much g as as po ss i b l e  pr ior to the m in i ng o f  coal . 

• Ga s l iberated i n  b l eeders and gob d e g a s  hol e s . Th i s  i s  the 
gas wh i c h  g radual l y  bleed s  e i ther from c o a l  or o ther ga s 
reserv o i r  areas near the m ine work i ng s  a f te r  the coal has 
been f ul ly e xtrac ted , thus break i ng the immed i a te roo f and 
o ther s upe rpo sed s tr a t a . Th i s  g as may h av e  b e e n  con t a i ned 
in other porou s med i a  in pro ximi ty to the c o a l  s e am or i t  
may be coal- bed g as that or ig i na ted i n  the coal s e am and 
the n m ig ra t ed i n to the porou s med i a . 

Th i s  g a s  i s  u s u al ly i n  a more conc e n tra ted form , b u t  from 
t ime to t ime w i l l  conta in l arg e pe r c e n t a g e  amoun t s  o f  a i r  
and o ther cont am i na n t s . Wh i l e  more e f fe c t ive pr e-m i n i ng g a s  
d r a i n ag e  wi l l  red uce the amoun t o f  s uc h  g as , there may be 
s i t u a t ion s where it could be u s ed loc a l l y  a s  a n  energy 
sour c e . 

The to tal amoun t o f  g as av a i l ab l e  for recov ery i s  l im i ted 
by the amount of und e rg round m i n i ng w i th f u l l  e xtrac t ion . 
S i nce the po ten t i a l  for s u c h  g a s  i s  i n s ig n i f i c a n t  i n  re
l at ion s h i p  to the pro jec ted re source b a s e , it i s  not co n
s id ered i n  d e t a i l  i n  th i s  repo r t . 
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• Ga s o b t a i ned by pre- m i n i ng d r a i nag e o f  coal s e am s . Th i s  
g a s  i s  d ra i ned by d r i l l i ng ver t i c a l  or hor i z o n t a l  ho l e s , and 
by o ther s uc h  techn i ques wh ich are d e s c r ibed l ater i n  th is 
repor t .  

ANALYS I S  OVE RVI EW 

S i nc e  the coal g a s  resource is int im a te l y  connec ted w ith the 
re source base of the coal i t s el f , the f i r s t  s te p  in the a n a l ys i s  
was an e v a l u a t ion o f  the coal re source s  o f  the coun try ( Co al Re
source s e c t ion o f  Chap ter Two ) . The average in- pl ace g a s  conten t 
o f  b itum inous coal s  was e s t imated for th i s  repor t , b as e d  on the 
l imi ted ava i l ab l e  i n fo rma t ion . S ince h a rd ly any d a t a  are ava i l ab l e  
for s ub b i t um i no u s  coa l s a n d  l ig n i tes , t he i r  g a s  c o n t e n t s  we re e x
trapo l ated u s i ng a n  emp i r i c a l  rel at ions h i p  t h a t  r e l a t e s  g a s  conten t 
t o  the mo i s ture content o f  b i t um i nou s  coa l s ( Ga s  Re source s e c tion 
o f  Chapter Two ) . 

In  ord e r  to r e l ate g a s  prod uc t ion to a gener a l i z ed s e t  o f  pr o
jec t  e conom i c s , i t  was dec i d ed to e s t im a te an averag e i n i t i a l  g a s  
recove ry r a t e  pe r wel l , per foo t  o f  c o a l  s e am th i c kne s s  ( Prod u c t ion 
Pe r Foot of Se am Th ickne s s  sec t ion i n  Chapter Fo ur ) . A g as prod uc
t ion d e c l ine o f  1 0  pe rcent pe r year was a s s umed , a nd a prod uc ing 
l i fe of  1 2  y e ar s  wa s used for each we l l . Econom i c s  we re d ev e l oped 
for a typ i c a l  pro jec t ,  a s s umi ng a to t a l  pro je c t  l i fe of 2 0  years . 

An analys i s  o f  the coal r e s e rves wa s done to i d e n t if y  the total 
in- p l ac e  coal r e so urce for v a r i o us c umu l a t iv e  th i ckne s s e s  of re
por ted coal se am s  ( Comp u t a t ion o f  Coal S e am Th ic kne s s  sec t i on o f  
Chapter Four ) . Re l a t i ng the total s e am th i ckne s s  to the f l ow o f  
g a s  per wel l , a nd hence to the econom i c s  o f  g a s  recovery , i t  wa s 
pos s i b l e  to pro je c t  econom i ca l ly recoverable g a s  r e s e rv e s  a t  v ar
ious pr i c e  l eve l s . 

I nves tme n t  and opera t i ng co s t s  we re d e v e l oped by the i nd iv i d
u a l  s tudy p ar t ic ipants for the type s o f  pro je c t s  they are now u t i
l i z i ng or wo u l d  u t i l i z e ( Es t imat ion o f  Co s t s  s e c t ion o f  Chapte r 
F i ve ) . From the s e , i t  was po ss i b l e  to e xtrac t  averag e per- f oo t  
cos t s  for vert i c a l  wel l  pro je c t s  for a b a s e  c a se where t h e  re cov
e red g a s  i s  a s s umed to be u t i l i zed a t  the pro je c t  s i t e  i ts e l f  w i th
out h ig h-pre s s ure c ompre s s ion , c l ea n up , or d el ivery co s t s . Th e 
c o s t s  f o r  the l a t t e r  i tems were e s t imated separa t e l y  a s  add-on 
amoun t s . 

The pro je c t  econom i c s  were eva l ua ted u s i ng a d i scounted cash 
f low ( DC F )  me thod o f  a na l y s is ( DC F  An a l y s i s  s e c t io n  of  Chapter 
F iv e ) . Gas pr i c e s  were pro jec ted a t  1 0 ,  1 5, and 2 0  per c e n t  i n
ternal r a t e s  o f  return ( ROR 's ) for the two c as e s ; i . e . , ( 1 ) the 
base c a s e , wh ich a s s ume s that the gas can be u s ed on s i te w i thou t 
add i t ional h ig h- p r e s s u r e  compre s s ion , s c rubb i ng , a nd d e l ivery 
through a t runk p i pe l ine , and ( 2 )  the case w he re c o s t s  for thes e  
add-on i tems we re i n c l ud ed . Econom i ca l  g a s  reserves a t  v a r io u s  
p rice l e ve l s  were pro je c ted separa te ly f o r  t h e  t wo c a se s ment ioned 
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above ( Pr o jec t i o n  o f  Ec o nom i c  Re serv e s  sec t i o n  o f  Ch apter S i x) .  
Pro jec ted a nnua l  r a t e s  o f  g a s  prod uc t io n  to the yea r  2 0 0 0  a re pr e
s e nted i n  the Proj e c t io n  of Ra te of De velopme nt by Ve r t i c al We l l s  
sec t i o n  o f  Chapter S i x  for the ver t i c a l  wel l s  c a s e , a nd i n  the Pro
jec t i o n  o f  Ra te o f  De velopme nt by Sh a f t s  a nd Hor i zo nt a l  Dr i l l i ng 
sec t i o n  o f  Chapter S i x  for the case where the tec h ni que o f  hor i
zo nt a l  d r i l l i ng from sha f t  bot toms is  u t i l i zed for g a s  recovery . 

UNCERTAINT IES 

• The U . S .  Geo l og i c a l  S u rvey coal re source d a t a  ut i l i zed for 
t h i s  s tud y a re l e s s  tha n prec i s e . Howev e r , u nce r ta i nt i e s  
about the c o a l  re source are dwar fed b y  t h e  m u c h  g rea ter u n
certa i nt i e s  t h a t  e xi s t  whe n e xtrapo l at i ng from the coal i n  
place to the qua nt i t ie s  o f  recov e r ab l e  g a s . 

• Ve ry l i t tl e  i s  k nown abo u t  the g a s  co nte nt o f  the v a s t m a
jor i ty o f  coal s i n  the co u ntry . Ou t o f  the h u nd red s o f  coal 
s e ams that are k nown to e xi s t ,  gas c o nte nt i nforma t i o n  i s  
av a i l ab l e  o n  about 50 , l im i ted pr ima r i l y  to m i ne a b l e  b i t u
m i nous coal s e ams . 

• The u nce r ta i nt y  regard i ng i n-pl ace g a s  co nte nt i s  compo u nd ed 
v a s t l y  by the f a c t  t h a t  the v a l ues o f  phys i c a l  parame ter s  
t h a t  c o ntrol the flow o f  g a s  thro ugh coal b ed s  a r e  no t 
ava i l ab l e  for the v a s t  maj or i ty o f  coal s e am s  i n  the 
cou nt ry . 

The few a c t u a l  g a s  re covery pro je c t s  have s ho w n  v ar i ab l e  a nd 
som e t imes erra t i c r e s ul ts . Hard l y  a ny c o ns i s te nt d a t a  o n  
g a s  flow rates over a n  apprec i ab l e  l e ng th o f  t ime are av a i l
able for a na l y s i s . 

• Ma jor u nce r ta i nt ie s  a l so e xi s t  ov er the po ss i b l e  r i sks a s so
c i a ted w i th h yd ra ul i c  fractur i ng ,  a tec h nique tha t  h a s  bee n 
used to e nh a nce the f l ow o f  g as throug h c o a l  s e am s , a nd 
w i thout wh i c h  ma ny ver t i c a l  wel l  pro jec t s  do no t prod uce 
s ig ni f i c a nt amo u nt s  of g as . There is  co nc e r n t h a t  i n  the 
proce s s  o f  f r ac t ur i ng the coal s e am , the roo f s tr a t a  may b e  
frac tured s o  a s  to re nd er some s e am s  more h a z ardous a nd more 
e xpe ns ive to m i ne ,  a nd pos s i b l y  eve n re nd e r  some s e ams 
u nm i neab l e . 

S i nc e  the e nergy co nte nt o f  the g as i n  a coa l seam i s  o nl y  
equ ival e nt t o  1 t o  2 pe rce nt o f  the e ne rg y  co nte nt o f  the 
coal i t s e l f ,  t he co ncer ns a s soc i a ted w i th h yd ra u l ic f rac
t ur i ng o f  ver t i c a l  wel l s  s ho u l d  be f ul ly add re s s ed be fore 
l arge- s c a l e  use of th i s  t e c h nique is c a r r i ed out i n  coal 
s e ams tha t are be i ng m i ned now or a re l i ke l y  to b e  m i ned i n  
the future . 

• Ot her co ns t ra i nt s  a nd probl em s  a l so e xi s t , a nd are prese nted 
br ie f l y  i n  Chapter Seve n. The se i nc l ud e  the i s s ue s  o f  ga s 
ow ne r s h i p , wa te r  d i spo sa l , e tc . 
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C HAPT E R  TWO 

RESOURC E S  

COAL RESOURCE 

The U . S .  Geo l og i c a l  S u r vey re por t s  on "m i n e abl e "  coa l  re sources 
i n  the coun try , b ased on i t s  own d e f i n i t ion re l ated to the m in imum 
s e am th i ckne s s e s  o f  var ious ranks a nd type s o f  c oa l . As o f  1 97 4 ,  
i t  reported abou t  1 . 7 3  t r i l l ion ton s  o f  i d e n t i f i e d  a nd 1 . 8 5  t r i l 
l ion tons o f  hypo t he t i c a l  coal re source s .  Anot he r  0 . 3 9 t r i l l io n  
tons we re repo r ted as  hypo th e t i c al resource s i n  d e e pe r  s tr uc tural 
bas i n s  ( 3 , 0 0 0  t o  6 , 0 0 0  f t ) . A s ummary pre se n t a t i on is  s hown i n  
T a b l e  2 ,  and a bre akd own o f  these resourc e s  by s ta t e  i s  pre s e n ted 
i n  Tabl e 3 ( se e  Append i x  I ,  Re f .  2 ) . 

A more rece n t  compu ter i zed d ata b a s e  o f  m i ne a b l e  coa l  i s  a l so 
a va i l ab l e  f rom the u.s. Ge o l og i c a l  S u r vey . Th i s  d a t a  b a s e  co ve r s  
o n l y  the ident i f ied re s e r ve s  a n d  s hows a county-by- co un t y  l i s t ing 
o f  known coal seams by r ank and by d epth . Th i s  i n forma t io n  wa s 
u s ed i n  arr i vi ng a t  c omme rc i a l ly reco ve r ab l e  g a s  r e se r ve s  a s  d e 
scr ibed l a ter i n  th i s  repo r t . 

TABLE 2 

Estimated Remaining Coal Resources in the United States 
( January 1, 1 97 4 ) 

Category 

1 .  Identif i ed ( measured, indicated 
and inferred ) resources: 

A .  Re serve base 

B .  Additional identified 

Total Identi fied 

2 .  Hypothetical: 

A .  0-3 , 0 0 0  ft overburden 

B .  3, 0 0 0-6, 0 0 0  ft overburden 

Total Hypothetical 

Grand Total -- I dentified and Hypothetical 

1 1  

B i l li on s  ( 1 09 ) 
of Short Tons 

4 3 4  

1 , 29 7  

1 , 7 3 1  

1 , 84 9  

388 

2 , 2 3 7  

3 , 9 6 8  



TABLE 3 

Total estimated remaining coal rpsourrPs of thr l'nitt>d StaUs, ]amwrv I. flJ'i-1 

rin millions (106) of shorl 1011 ... E.slimalt'S indudt· tx·d\ of bi !urninuw .. coal <Jnd anlhracll(' �('fl!'T<.IIIv I <I Ill. or mort> !hick. and bech nf \llbblttlminou� coal <Jild lignilt' gt'llt'T3II) 

21'2 fl or mort-' thick. 10 O\'t·rhurdt·n depllh of 3.000 and 6.000 ft. F1gun·' an· for rt·loount•,.in lht· Rroundl 

Owrhurdt'll o,·,-.rhurdrn 

0\'f'Thurckn 0-3.000 ft"t'l 3.000-li.OOO 0-6.000 

ft'<'l ft•t•l 

Rt'maining idt·ruifit'd n·sourcc\, Jan. I. 197·1 (from 1ablt- 2) Estimatt·d Eslima1c'<l 

S1a1e 

Ala nama 
Alaska 
Ari10na 
r\rkan'\as ... . . . . . . . . . . . . . . . . 

Colorado. 

(;C'orgia .. 
Ill i nni' 
Indiana .. . . . . . . . . . . . . . . . . 
Iowa ... . .. ... . .. . . . . . . .  

Kama' ... . . .. . . . . . . . . . .. ... . .. . . . . . .. . .  

KenttiC'k\': 
Ea'i.t'rn 
\o\'t'Stt'rtl 

Marvland .. 
Michigan . . . . .. . .. . . . ... . .  

Mi,souri .... .. . .. . . . . . . . . . . .  

Montana . . . 
Nt'w Mexico 
Nonh Carolina 

'onh Dakota ..... 

Ohio .... . . . . .  

Oklahoma 
Ort'gon .. . . . . .. . ... . . .  

Pt'nns\ h·ania . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Sooth ·D>tkOia 

T!'lli1(''S('(' 
Tt'X>t> . . . . ... . .... ... . ... 

l'tah . . . . . . . . . . . . . . . 

Virginia . . . . . .. . . . ... . . . • 

W;"hingwn 

\\'<''t \'irgini;t 
\\'\'oming. 
Other St>ttt's14. 

Total.. 

Bi1uminous Subbitu · 

coal minous l.agntlt' 

emil 

13.262 0 2.000 
19.413 110.666 (2) 

'21 ,234 ( ') 0 
1.6�8 0 3'>0 

109.117 19,733 20 

24 0 0 
146.001 0 () 

�2.868 0 0 
6,50.� () 0 

11!.661! 0 (6) 

28.226 0 0 
36.120 () 0 

1.152 () 0 
205 0 0 

31 '184 () 0 
2.299 176.819 11�.:;�1 

10.741! 'i0.639 0 
110 0 0 

0 0 350,60� 

41.166 0 0 
7.117 0 (6) 

50 21!4 0 
6'1.940 0 0 

0 0 2. IH'> 

�.'>'10 0 0 
6.0·11! 0 10.29� 

'223.1 Hfi 173 0 
9.216 0 0 
I .1!67 4.11!0 117 

100.1.'>0 0 0 
1�.70� 123.2·10 (2) 

610 IS32 164fi 

7<17.3.'>7 485.766 471!.1�·1 

1'-,ount·of t·�rim;ue"i Alabama. W. C (.ulbt:no;nn; Arkan�'· B. R. I l.tlt·\ :Color;.ulo.llolt ( 19Tq: 
lll lllOI'. M E. Hopk 1ns and j. :\. ">1mcm: Indmna. (;,E. \\'u·r: Iowa. L R. I.and i .!'o; Kt·nluc �\. K .I 
Englund: Mio;,ouri. Robt·n!'oon (1971. 1973); Monrana. R. E. Mahon; :'\'t'\\ \tt'Xuo. Fa\\t'll.tnd 
Hmd .. !1971}: i\'onh f>akOia. R. A. Br<tnl; Ohio. J-1. R. Collin.. and n. () jtJhmonlrom d;ua Ill 

'i1rubh• and mtu·rs (1971): Oklahoma. S. A. Fncdman: On·�on. R. �- Ma .. on: Pn111wh.uH.c 
Ltndu;u Jl(', Arnd1 and olht'r' ( 1968): Pt 'nno;ylvama bituminml!'o coal, \'\'. E. Edrnumh. i't'IIIH'\!'o l 't '. 
E. T. 1 tllhrr: Tt·xas lignllt', Ka i,!'T (1971): V arginia, K. J. En�h1nd; l'1ah. H. II Dodllng. 
Washin gton, H. M. Beikman: Wyominll;. N. M. Denson. G. B. Glas s, W. R. Keefer, and E. M. 
S< hdl: n·maining Stales, b) I he atuhor. 

1�mall rt'!'oOllTCt'"i of lignite indudrd undt•r suhbill.lminous coal. 
'Small n•o;ourc·e, of anthrac itt' in th(· Bering Ri\'lT fi<·ld bt·llt'vt'd to bt· mo badh· < rusht·d and 

faulted 10 bf' ('conomif' a ll) recO\'(·rablt- (Barnes. 1951 ). 

•All tonnage j, tn iht' Black Mt·sa fid d. Some coal 111 tht· nakma Formation i!<l m·ar tlw rank 
boundan hf-tWf't'll bituminou�ancl "itJbbiiUillinouo;coaJ. 00('o; JlOI inc)mJt-smalJ f('<iOUT<t'\Of lhHl 
;_md 1mpure coal in tht' Ort'r Cref'k and Pirwdalt' fields. 

�l.ignitt'. 
'�mall Tf\OUT<f"S of lign1u· 1n weMern Kan\a'i and wes1ern Oklahoma 111 bt'd'ige rwrally It·�� than 

30111 rhu·J.: 

rota! E!'ltimatt"d total 

E ... limau·d idt'ntlfit"() addi11onal JC!t ·ntir wd 

hyp01 he1 i< al <ITld hvpo- hvpolhetical and tnpo· 
Tt-'MlltrCf''i tht·tuol reo;ourct"o; 1lwlital 

Anthra ( itc· in unmappt·d n·�ount·.., in deept•r rt')0Ufct'\ 

and \1'1111- Tu1al and wwxplor- rt·maining "ilruc IUra) rt'ln(Uilltlg 
an1h1ac ilf' t•d <H('3'i1 In lht• ba<iins1 in rlw 

ground ground 

() 15.262 �0.000 .'{!"J.2(j� ti.OOO ·II .2(i� 
C') 1'10,079 1.)0.000 �fi0.079 '>.000 �fi'>.079 

() 21 .2� I () �I ,2'1 1 0 21,231 
·121! 2:116 '·1.000 fi:llfi 0 6,416 

7H 121!.9·18 161.�72 �90.��0 11:1.991 134,21 L 

() 2·1 60 H-1 0 1!·1 
0 1·16.001 100,000 � lli.OOI 0 2·16,001 
() 32,868 2�.000 'i·l,i!fiH 0 5·1.868 
() 6.S0.'> 1·1.000 �O.'>W> 0 20,505 
0 IH,66i! ·1.000 �2.fi6H 0 22.668 

() 28,226 2·1.000 '>�.2�fi 0 :;�.2�6 
0 36.120 28.000 fi · l. l 20 () fi.J.I20 
() l.l'i2 400 !.'>.'>� () I ,552 
0 20.'> 'iOO 70'> () 70.? 

() 31,184 17:11!9 ·IH.fi7'1 () ·18,673 
II �<)l.fi:I'J IHO.OOO 171.ti:I!J () 171 .fi.'l9 
I fii . .'11JI i(j:, . :

-
,.�,1) I :!ti.'J 17 71.000 200.9·17 

0 110 �() 1'10 ,, I :1:'> 
() .'F>O.fiO:! 11!0.000 '>.'IO.fiO:! 0 '>.'10.602 

0 ll.ltifi fi. I'>:! 1/.:IIH 0 17.� I 8 
0 7.117 l'i.OOO :!�.117 ":'>.1100 �7. 117 
0 'I� I 100 1:11 0 ·I'l l 

IH.HI� H2.7C>� 9 ·1 . 000 Hfi.7'>2 "''l.fiOO 90.�52 
0 �.IH'> 1.000 'l.IH'> () '1. IH:'> 

0 � .. '>�0 2.000 ·1.:>'10 0 l.'i30 
0 16.3-11 II 112.100 I�H.-111 f"J I �H.·III 
0 23.'1.'>9 ··��.000 1'>.:1'>9 :F>.OOO 1!0.3'>9 

:1:1'> 9.'>'> I '>.000 I I .'>:'>1 100 l l,li'>l 
;-) fi.lfi'J '10.000 .'lfi.lfi'l I '>.f)()() ;, I, 169 

() 100.150 0 I 00.1'>0 0 100. 1:>0 
() l�r>.9·1� 700.000 H'l'i.91.'1 100.000 93'>.9·13 
0 fiHH 1.000 l.fiHH 0 l.tii!H 

I!J.fifi� 1.7'10.919 I.H·I9.fi·I!J .'I..'>HO.:'>fiH :IH7.fi9fi 'l.<JnH.�n·l 

1 2  

7:\ltC'l J-,a,-.c·Jt .md l l1mh (1971). \\'ho rC'ponr-d K!>.222 1111lllnn llnh ''anft-rn'<l b\ tcnu·" Ul .111 
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GAS RESOURCE 

The g a s  conte n t  of the above coal re sources c a n no t  be e s tima ted 
w i th any d eg ree of c o n f i d ence , s i nce the te s ts to d e te rm i ne the i n
pl ace g a s  conte n t  h ave not been cond uc ted on the v a s t  m a j or i ty o f  
coal seam s  i n  the country . The l im i ted d a ta av a i l ab l e , mos tl y  from 
mineable b i tum i no u s  coal s , show cons id e r a b l e  v ar i ab i l i ty a nd l i t
t l e , i f  any , d ata are av a i l ab l e  for s ub b i tum i no u s  coal and l ig n i te .  
I t  i s  general l y  ag reed , howeve r ,  tha t  the g a s  con te n t  o f  the se low
er rank coa l s  is l ike ly to be con s i d e r a b l y  l e s s  tha n  tha t  o f  b i tu
minous coal on a pe r- ton b a s i s . 

The s tudy parti c i pa n ts cons idered p ub l i s hed i n formation on the 
g as conte n t  o f  coa l s (s ee Appe nd i x  I ,  Re f s . 3 ,  4 ,  5) a s  we l l  a s  
some d a ta pro d uced b y  a f e w  o f  the s tudy parti c i pa n ts f r om the i r  
ong o i ng prog ram s . A l i s ti ng o f  a l l  s u c h  d a ta i s  g iv e n  i n  Appe nd i x  
c. I n  mak i ng a j udgment as  to the ave r ag e  g a s  con te n t  o f  a l l  b i tu
m inous coal s ,  the s tudy parti c ipa n ts we ig hed two oppo s i ng con s ider
ation s .  F i r s t ,  ba sed on m i n i ng exper i e nc e , i t  was obv ious tha t  the 
maj or i ty o f  s e am s  on wh i c h  g a s  conte n t  d ata had b e e n  col l e c ted we re 
the more " ga ss y "  s e ams . I n  f ac t ,  i t  was con c e r n  f o r  m i ne s a fe ty i n  
g as s y  coal seam s  that had led to the col l e c ti o n  o f  some o f  th i s  
d a ta .  The second cons ideration was that the re was a t  l e a s t  some 
i nd i c ation tha t  the g as conte n t  o f  coal , i n  g en e r a l , i ncreased w i th 
the depth o f  coal s e ams . I t  could , there fore , be s a id tha t  d ee pe r  
coal s e am s , e spec i a l ly i n  the we s te r n  U n i ted S tate s , m ay h av e  h i g h  
g a s  conte n t .  We igh i ng the two f ac tor s , the s tudy partic i pants d e
c id ed to use a v a l ue o f  2 0 0  c ub ic f e e t  o f  g as per ton o f  coal for 
b i tum i nous coal s e ams . 

La te r , a more comprehe n s iv e  l i s ti ng o f  g as c on te n t  d ata wa s ob
ta i n ed from the u. s. Burea u of Mi ne s , as pre s e n ted i n  Appe nd i x  D .  
Th ese d a ta av erag e about 1 7 5  c ub ic f e e t  o f  g as per ton o f  coal and 
are general ly i n  l i ne w i th the d a ta con s idered by the s tudy parti
c ipants i n  the i r d e l iberations . 

I n  e x tr apo l a ti ng the abov e val ue o f  2 0 0  c ub ic f e e t per ton to 
s ubb i tumi nous c o a l s  and l ig n i te s , i t  wa s dec i d ed to u s e  a n  emp ir i
cal re l ations h i p  (see Appe nd i x  I ,  Re f s . 6 ,  7 )  tha t  r e l a te s  g a s  con
tent to the mo i s ture conte n t  o f  coal , u s i ng a mo i s ture c o n te n t  o f  
1 6  percent for s ubb i tum inous coal s ,  a nd 3 8  p e r c e n t  f o r  l ig ni tes . 
It was re cogn i zed that the r e l a tion s h i p  appl i ed to b i tum inous coal s 
only , b u t  i n  the ab sence o f  any o ther i n formati o n  i t  was d e c ided to 
ex trapo l a te the equation to lower rank coal s .  As s hown i n  Appe nd i x  
E ,  s uc h  an e x trapo l a tion resul ted i n  a v a l ue o f  8 0  c ub ic f e e t  pe r 
ton for s ubb i tuminous c o a l s  and 4 0  c ub ic feet per ton for l ig n i te s . 
I t  wa s a l so ag reed that s e am s  l e s s  than 3 0 0 f ee t  d e e p  proba b l y  con
ta i ned no econom i c a l l y  recove rabl e g a s . 

The above va l ue s  can be u s ed to proje c t  the g a s  re source base 
i n  conj unc tion w i th the coal r e so urce d a ta mentioned be fore . S i nce 
the hypo theti c a l  coal re sources are not c l a s s i f i ed i n to d i f feren t 
ranks , a n  approx imate c l as s i f i c a tion wa s used , b a s ed on the rati o s  
be twe e n  d i f ferent coals i n  the id e n ti f i ed category . Tabl e 4 s hows 
the coal-bed g a s  r e so urce base tha t  can thus be proj ec ted . 
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TABLE 4 

Estimated In-Place Resource of Coal-Bed Gas 

Est imated Coal 
Resource Estimated 

( Billions of Gas Content Pro j ected Ga s 
Coal Category Short Tons ) ( Ft 3/Ton ) Resource ( TCF ) 

1 • 3 0 0 - 3 , 0 0 0  feet deep 
( identified and 
hypothetical ) 

A .  Anthracite 46 2 0 0  9 

B .  Bituminous 1 ,  0 0 1  2 0 0  2 00 

c. Subbituminous 1 ,  1 3  7 8 0  9 1  

o. Lignite 5 04 4 0  2 0  

2 .  3 , 0 0 0-6 , 0 0 0  feet deep 
( hypothetica l ) 388 2 0 0  78 

Total 3 9 8  
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CHAPT ER THREE 

T EC HNOLOGY 

The maj or te chn i q ue s  for recove r i ng coa l-bed g a s  are : 

• Ve r t ical we l l s  

• Hor i zo n t a l  hol e s  from m i ne acce s s  

• Hor i zontal hol e s  from s h a f t  bo t toms 

• Slant hol e s . 

VERT ICAL WELLS 

Th i s  t e c hn i que o f  recover i ng coal- bed g a s  cons i s ts o f  d r i l l i ng 
ver t i cal hol e s  from the s ur face to the coal s e am . The hol e s  ar e 
general ly 9 i nc he s  (0 . 2 3 meter s )  i n  d iame t e r  or l e s s . Ex pe r i e nce 
has s hown that the amount of g a s  that w i l l  f l ow to s uc h  v e rt i c a l  
hol es throug h  t h e  natural c l eat sys tem or f rom t h e  m ic roporous 
s tr uc t ure of  the coal s e am i s  g e ner a l l y  qu i te l im i ted u nl e s s  th e 
area i s  n a t ural ly h ig hl y  frac tured . I n  ord e r  to i ncrease the g as 
d r a i n age area , a techn i que known as h yd ra ul i c  frac t ur i ng h a s  bee n 
u sed . 

Hydraul ic frac tur i ng i s  the appl i c a t ion o f  a f l u id pre s s ure to 
a d e s i red sec t io n  of format io n  (i n th i s  c a s e  the coal s e am ) un t i l  
par t i ng or format ion " breakd own " occ ur s . Th i s  par t i ng o r  c rev ice 
i s  e x t e nd e d  wi th f urther p ump i ng und e r  pre s s ure , e s tabl i s h i ng a 
new , l arger f l ow c hannel to the we l l  bore . H i g h e r  e f f e c t i v e  av er
ag e pe rme ab il i t y  i s  c r e a ted , re s ul t i ng i n  i nc r e a s ed g a s  f l ow to the 
wel l bore . 

The most commonl y  used hyd raul ic frac tur ing f l u id s  are g e l l ed
wa ter and n i troge n-wa ter foam . Propp i ng ag e n t s  s uc h  as c a re f ul l y  
s i zed s a nd g ra i ns are carr i ed by the f l u id i n to the crev ice , 
preven t i ng i t  from c l o s i ng or heal ing whe n  the h yd r a ul i c  pre s s ure 
i s  reduced . 

The e x te n s ion o f  hyd raul ical ly c re a ted f r a c t ur e s  i nto s tr a t a  
ove r l y i ng c o a l  s e ams c a n  con s t i tu te a de t e r r e n t  to t h e  s a fe a n d  
e f f ic i e n t  m i n i ng o f  coal . Th is  can b e  e spe c i a l l y  prob l ema t i c  whe n  
the s trata immed i a te ly above the coal are compr i sed o f  t h i n  l ayer s 
o f  coal and we ak shal e . A n umbe r o f  e x pe r i e nced coal m ine ope ra
tor s h ave expre s s ed concern over the pos s ib i l i t y  that h yd ra ul i c a l l y  
cre ated frac ture s e x tend ing i n to s tr a t a  ov e r l y i ng m ineab l e  coal 
s e ams can create add i t ional r is k s  to s a f e  and e f f ic i e n t  m i n i ng . 
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Th ere h av e  been repo rts o f  at l e a s t  1 0  h yd ra u l i c a l l y  i nd u c ed 
frac tures that we re l a te r  m i ned thro ugh .  A s ynops i s  o f  the obse r
v ations made i n  the s e  v a r i o u s  repo r ts i s  g iven b e l ow : 

• Th e Bur e a u  o f  M i ne s  reported o n  two s u c h  observ atio n s , o ne 
i n  the P i ttsburgh se am a nd the o th e r  i n  the I l l i no i s  No . 6 
s e am ( s ee Appe nd i x  I ,  Re f .  8 ) .  Wh i l e  the conc l us i o n  o f  the 
repo r t  was tha t  " no adverse e f fe c t  or e x te n s ion o f  the i n
d uced f r a c tures i n to the roo f or f l oo r  rock o f  the m i ne was 
ev iden t , " it wa s men tioned i n  the bod y  o f  the repo r t  that i n  
the I l l i no i s  No . 6 s eam a " ha i r l ine crack i n  the roo f was 
e xpos e d  whe n  the contin uou s  m i ner removed a sma l l  area o f  
h ard coal , "  and " the crack e x tended a few i nc h e s  i n to the 
roo f rock . "  

• T h e  Bure a u  o f  M i ne s  a l so reported two o the r m in e- through 
observati o n s  in Al abama's Mary Le e s e am ( s ee Appe nd i x  I ,  
Re f .  9 ) .  T h i s  report conta i ned the c ommen t  " no cement wa s 
found i n  the southern h a l f o f  the we l l  bore ; i ns te ad , prop 
s and and/or gel f i l l ed th i s  ann ular space at both the f loor 
and the roo f . "  Th i s  ind icates tha t  z o n a l  i s o l a tion of roo f 
a nd floor s tr a ta from the h yd ra ul i c  pre s s ur e  d id no t ex i s t .  
Othe r r e l evant comments we re " ceme n t  bond to c a s i ng we re 
g e n e r al ly poo r , "  and " the lack of c emen t  w i th i n  approx i 
mate l y  o ne-h a l f  o f  the we l l  bore a n n ul us i n  the roo f a l so 
i nd i c a te s  poor c eme n ti n g . "  I t  wa s f ur th e r  men tioned i n  
respe c t  to one o f  the se m i ne - throug h s  tha t  " a l tho ug h s and
f i l l ed c hanne l s  we re no t observed at TW- 1 , the re i s  s u f f i
c ie n t  ev idence to ind i c a te that parting s i n  the coal and 
roo f rock h ad been opened d ur i ng d r i l l i n g , c ementing , and 
e a r ly s tag e s  of s timul ation , " and " the gel in the roo f c on
ta i ned no s and and there fore must h ave been i n c l ud ed in the 
i n i ti a l  f l u id pad be fore the proppan t  wa s added . "  

• In a pape r abou t  ano ther hyd raul ic frac ture , wh i c h  was l ater 
m i ned i n  the P i ttsburgh seam , " frac ture pene tr a ti o n  o f  three 
s tr a ta overly i ng the s eam " was repo r ted ( s ee Appe nd i x  I ,  
Re f .  1 0 ) .  

• I n  a c o ur t  te s timon y  ( Ma ry Cunn i n g h am v s . U . S .  S tee l )  rel a t
i ng to four m i ne- throug h s  in  the Mary Le e s e am a nd three i n  
the P i ttsb urgh s e am ,  i t  wa s me ntioned tha t  two o f  the forme r 
and one o f  the l atte r showed pe netr a ti o n  o f  the roo f . 

Re po rts o f  the s e  observ a ti o n s  c l e a r l y  d emon s tr a te tha t  c ement
i ng a nd h yd ra ul i c  f r a c tur i ng are unpred i c ta b l e  a t  be s t ,  a nd tha t  
the l ike ly impac t on the s a f e  and e conom i c  m i ne ab i l i ty o f  coal 
s e ams needs to be a s s e s sed care f ul ly for e ac h  s i tuation . 

As pre s e n ted i n  more d e ta i l  l a te r , there are s i tuations where 
the techn ique of d r i l l i ng hor i zontal we l l s  f rom s h a f t  bo ttoms i s  
comparab l e  i n  econom i c s  to the verti c a l  we l l  techn ique , a nd co u l d  
the r e fore be a practical al ternative to d e g a s i f i c a ti o n  by hyd ro
frac tur i ng thro ug h  vertical wel l s . 

1 6  



HOR I Z ONTAL HOLES FROM M INE WORK INGS 

Th i s  proce s s  con s i s ts o f  d r i l l ing hor i zontal h o l e s  i n to v irg in 
coal from ac tive wor k i ng s e c tions o f  an und e rg ro und m i ne . The 
coal- bed gas tha t  i s  thus l iberated i s  conveyed through a p i p i ng 
sys tem to the s ur f ace c o l l ecting s i te .  

I t  i s  g e ne r a l l y  ag reed that th i s  me thod o f  recov e r i ng c oa l-bed 
g as i s  l ike ly to be the most econom i cal o f  a l l  a l te r n a tiv es . Th e 
to tal po tential for g a s  recovery from th i s  tec h n i que , howeve r ,  i s  
l im i ted by the number o f  underg round m i ne s  tha t  are under d e v e l op
ment at a g ive n po i n t  i n  time . Conseque n tly , th i s  me thod i s  no t 
e xpe c ted to y i e l d  s ig n i f i c a n t  prod uc tion i n  the f o r e s e e a b l e  f u ture . 

HOR I Z ONTAL HOLES FROM S HAFT BOTTOMS 

I n  th i s  techn ique , vertical s h a f ts , rang i ng f rom 8 to 2 0  f e e t  
i n  d iameter , a r e  s unk to the bottom o f  the coal s e am . Wor k i ng 
with i n  the con f i nes o f  the s h a f t ,  smal l-d i ame te r  ( approx imate l y  4 
i nches ) hor i zontal ho l e s  are d r i l led rad i al ly i n to v i rg i n coal . 
The hol e s  i n te r s e c t  the n umerous repe ti tive f i s s ure s  ( c l e ats ) c ha r
a c te r i s ti c  o f  most coal formations and prov i d e  h ig h l y  c o nd uc tive 
vents through wh i c h  the trapped g a s  can f l ow . The we l l he ad s  of  the 
various hor i zontal ho l e s  are located around the per imete r  o f  the 
sha f t  bo ttom and are conne c ted thro ugh a c ommo n  man i fold wh i c h  d i
rec ts the g a s  to a vertical transport p i pe . On ce a t  the s ur face , 
the g a s  can be tre a ted i n  a manner s im i l ar to tha t  o f  c oa l-bed g a s  
der ived from v e r ti c a l  bore hol e s . 

I t  has been repo r ted tha t  the rate o f  g as f l ow f rom hor i zontal 
hole s d r i l l ed i n  pe rme a b l e  coal bed s  has reached up to 3 0  thous and 
c ub ic feet per day ( MCF/D ) ( 8 5 0  c ub ic mete r s ) per 1 0 0  f e e t .  Al so , 
lengths o f  hor i zontal hol e s  g re a ter than 1 , 0 0 0  fee t ( 3 0 4. 8  me ter s )  
have been s uc ce s s f ul ly d emon s trated . Th i s  make s the concept pote n
ti a l l y  v i able , even tho ug h  there i s  a l a rge fron t- e nd i nve s tmen t 
for sha f t  s i nk i ng . As po i n ted out earl i e r , i n  c e r ta i n  s i tu a ti o n s  
th i s  me thod o f  g a s  recovery i s  econom i c a l l y  compar ab l e  to a ve r
tical we l l  pro j e c t .  I t  c o u l d  there fore b e  pre ferred , s i nce i t  
s ho uld h ave no adve r s e  impac t on the s a f e  m i n e ab i l i ty o f  the c o a l  
seam .  

S LANT HOLES 

In th i s  me thod , a smal l-d i ame te r  vertical hole i s  d r i l l ed from 
the sur face and then i n te n tion a l l y  and prog re s s i v e l y  d e f l ec ted to 
pene trate the coal bed paral l e l  to i ts bedd i ng pl ane . The hol e 
then conti n ue s  i n to the coal s e am as  a hor i zontal hol e . 

Attempts to d ate to ac compl ish th i s  method appe ar to be more 
cos tly tha n  o ther tec h n ique s .  I n  add i tion , i t  i s  tec h n i c a l l y  d i f
f i cul t,  a nd the r i sk i nvolved i n  g e tting the h o l e  prope r l y  d e f l ec
ted to pene trate the se am a nd the n  s tay w i th i n i t  for l o ng d i s
tances i s  qu i te h ig h . De wa te r i ng o f  s uc h  s l an t  h o l e s  a l so po s e s  a 
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pro b l em wh i c h  h a s  not been f ul ly reso lved . Improvem e n ts i n  the 
d r i l l i ng and d e wa te r i ng tec hn ique s are nece s s ary be fore th i s  me thod 
can b e  con s i d ered a proven technology . No ne the l e s s , the approach 
c l e a r l y  o f fers a n  area o f  po te nti al re se arch ac tiv i ty ,  a s  in th e 
c ase o f  two repo r ted u.s. Bureau o f  M i ne s  te s ts , wh i c h  we re c o n s id
e red s u f fic i e n tly s ucces s f ul to warrant f u r ther te s ti ng ( se e  Appe n
d ix I ,  Re f .  1 1 ) .  
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CHAPT ER FOUR 

PRODUCT I ON H I STORY AND PROJECT I ONS 

BACKGROUND 

Tho ugh the i n-place g a s  content o f  coal i s  impo r t an t , i t  i s  
not d i re c tl y  r e l a ted t o  the g as prod uc i ng ab i l i ty o f  a coal s e am . 
There i s  general ag re emen t ,  howeve r ,  tha t s ome o f  the impo r t an t  
f ac tors that control r a t e s  o f  g as recov ery are : 

• In s i tu g as con tent o f  coal 

• Di f f u s iv ity coe f f i c i e n t  o f  coal s 

• Ex tent and pe rmeab i l ity o f  the natural f r a c t ur e  sys tem 

• Ef f i c ie ncy o f  s t imul a t ion techn ique s 

• Ef f i c i e ncy o f  wa ter remov al and d i s po s a l  method s 

• Re s e rv o i r  pre s s ure (d epth o f  coal s e am ) . 

Qu i te a few e f fo r t s  have been mad e to d a te to recover g a s  from 
coal bed s . Al tho ug h  some o f  these h ave been s uc c e s s f u l , no s i ng l e  
proj e c t  has e s t ab l i shed a long- term econom i c  v iab i l i t y  a s  pur e l y  a 
gas recovery proj ec t ,  a nd r e s u l t s  have been s po t t y  a nd s omewha t 
u npred ic table . 

PRODUCT ION DATA FROM VERT ICAL WELLS 

A n umber o f  ver t i c a l  we l l s , w i th and w i t ho u t  h yd ra ul i c  s t imu
l at ion , h av e  been d r i l l ed i nto coal mea s u r e s ,  and the r e s u l ts from 
3 9  s uch we l l s  re po rted by the u.s. Bureau o f  M i ne s  are pre s e n ted i n  
Table 5 (see Appe nd i x  I ,  Re f .  1 2 ) .  Of the se , 2 3  s t im u l ated we l l s  
ave r ag ed l e s s  than 2 4  MC F/D per we l l  o f  g a s  recovery . Of the l a t
ter 2 3  we l l s , 1 4  w e re prod uc i ng g a s  from the P i t t sb u r g h  s e am ,  a nd 
the i r  ave r age pro d uc t ion was abo u t  3 0  MC F/D per wel l . 

The u.s. S t e e l  Cor porat ion pre sen ted re s ul t s  o f  the i r  g a s  r e
cov ery proj ec t i n  the Bl ue Creek coal s e am i n  Je f f e r so n  Co un ty , 
Al abama , dur i ng the s t ud y  d e l ibe r a t i on s .  A rec t a ng u l a r  p a t tern o f  
ver t i c a l  we l l s  was d r i l led o n  a 2 1 -acre s pa c i ng and hyd ra u l ic a l l y  
fract ured . The ave r ag e  f i e l d  prod uc t ion o f  1 5  we l l s  over t h e  pr e
ced i ng four months was repo rted to be 6 5  to 7 0  M C F/ D  pe r we l l .  
F ive o f  the se wel l s h ad been prod uc i ng for approx ima t e l y  one year . 

Ano ther projec t t h a t  has recently s tar ted prod uc i ng c oa l-bed 
g as i s  the Wa l t z M i l l  proj ec t i n  Pe nnsylv an i a  (see Appe nd i x  I ,  Re f .  
5 ) . A c um ul a t ive coal s e am th i ckne s s  o f  2 7  f e e t , c over i n g  1 2  d i f
ferent seam s , has bee n tapped by a ver t i c a l  we l l . Three o f  the 
zones cont a i n i ng a to t a l  of e ig h t  se ams have been h yd r a ul ic a l l y  
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TABLE 5 

Gas Production from Vertical Bore Holes 

Pre-Stimu lation Post-Stinulation 
Average Average 

Production Cumulat ive Water Production Cumulat ive Water 
Coal Bed and Bore Hole Rate Production Production Rate Produc tion Produc tion 

Location Number ( Ft3/D ) ( MM  Ft3 ) ( B/D ) ( Ft 3 /D ) ( MM  Ft3 ) ( B/D ) 

Pocahonta s #3 , 
Wyoming , WV PK- 1 5 , 3 0 0  2 . 3  6 

PK-2 8 3 0  0 . 5  3 5 , 3 9 0  2 . 3  9 
PK-3 9 7 0  0 . 9  5 
PK-4 4 , 68 0  2 . 6 2 3  
PK- 5 3 , 1 0 0 1 . 3  8 

Pittsburgh , 
N Washington , PA PV- 1  6 , 8 0 0  2 . 3 3 2 1 , 1 2 5  1 1 . 4  1 4  0 

PV-2 9 5 5  0 . 2  1 1 5 , 7 2 5  5 . 2 1 9  
PV-3 5 , 4 5 0  2 . 5  8 1 5 , 87 5  1 5 . 5  2 5  
PV-5 3 3 3  0 .  1 1 1 5 , 4 4 0  6 . 5  2 5  

Pittsburgh , 
Mar ion , WV PL - 1  3 , 65 0  2 . 5  

PL -2 82 0 0 . 6 0 
PL -3 3 5 0  0 .  1 1 1 6 , 7 0 0  1 0 . 5  3 
PL-4 7 , 3 0 0  3 . 5 1 2 0 , 3 50 1 6  2 0  
PL -5 1 ,  42 0 0 . 5 1 

Pitt sburgh , 
Monongalia , WV PF- 1 540 0 . 2  7 

PF-2 63 0 0 . 4  2 0  
PF-3 1 ,  7 3 0  1 .  3 8 
PF-5 4 , 0 6 0  1 .  8 1 3  



TABLE 5 ( continued ) 

Pre-Stimulation Post-Stimu lation 
Average Average 

Production Cumulat ive Water Production Cumulat ive Water 
Coal Bed and Bore Hole Rate Production Production Ra te Produc tion Production 

Location Number ( Ft3/D ) ( MM  Ft3 ) ( B/D ) ( Ft3 /D ) ( MM  ft3 ) ( B/D ) 

Pittsburgh ,  
Greene , PA PE - 1  -- -- -- 7 , 5 0 0  3 . 0  NA 

PE-3 -- -- -- 2 6 , 80 0  5 . 6  NA 
PE -4 -- -- - - 1 2 , 3 0 0  3 .  1 NA 
PE-5 - - - - - - 6 1 , 1 0 0 2 3 . 8 NA 
PE-6 - - - - -- 4 6 , 7 0 0  7 . 0  N A  
PE-7 -- -- -- 7 0 , 0 0 0  1 0 . 5  NA 
PE-8 -- -- -- 8 , 3 60 3 . 3 NA 
PE - 1 1 - - -- - - 6 2 , 2 0 0  3 . 7  NA 

N Castlegate I-' 
Subsearn #3 , 

Carbon , UT CC - 1  3 6  0 . 0 2 
CC-3 1 5  0 . 0 1  1 85 1 . 2  
CC-4 6 8  0 . 0 4 
CC-5 2 6  0 . 0 2 

Hartshorne , 
LeFlore, OK HL- 1 6 , 0 0 0  3 . 8 2 

HL-4 82 0 0 . 7  1 
HL-5 1 , 1 0 0  0 . 2 1 2 , 2 0 0  5 . 5  2 

Mary Lee , 
Jefferson , AL ML- 1 -- -- - - 4 , 80 0  0 . 0 7  NA 

ML-2 -- - - - - 1 2 , 0 0 0  0 . 9  N A  
ML-3 -- -- -- 7 , 5 0 0  1 8 . 0 1 3  
ML-4 -- -- -- 8 0 , 0 0 0  4 . 8  2 
ML-9 -- -- -- 9 , 0 0 0  1 .  4 2 5  
ML-2 2 -- -- -- 2 0 , 0 0 0  3 . 0  8 2  



f rac tured . A prod uc t ion rate o f  abo ut 4 0  M C F/ D  h as b e e n  reported 
( se e  Appe nd i x  I ,  Re f .  2 0 ) . 

P RODUCT I ON DATA FROM LONG HOR I Z ONTAL HOLES 

Lo ng ho r i zo n t a l  ho l e s  can be d r i l l ed in v i rg i n  coal e i th e r  from 
a l o c a t ion i n  an a c t ive und e rg ro und m i ne or f r om the bot tom o f  a 
s ha f t . Af t e r  s uc h  ho l e s  hav e been s u f f ic i e n t l y  d ewa tered , g as 
fl ows through them . Th i s  g a s  can be capt ured i n  a p i pe l i ne and 
take n to the s u r face of the m i ne , e i ther for o n s i te use or for 
d e l ivery to a g a ther i ng p i pe l ine . 

Tabl e 6 pre se n t s  ava i l ab l e  re s ul t s  from hor i zontal hol e  pr o
j ec ts . I t  may b e  s e e n  from th i s  t ab l e  t h a t  wh i l e  some i n i t i a l  
hor i zont a l  hol e s  d id no t prod uce a n y  g a s , s ub s e q u e n t  e f for t s  h av e  
y i e lded a n  av erag e o f  about 1 5  MCF/D o f  g as pe r 1 0 0 - foo t l e ng th o f  
the hole . 

PRODUCT I ON P E R  FOOT OF S EAM TH I C KN E S S  

I n  order t o  r e l ate g a s  prod uc t ion on a un i form l y  appl i c a b l e  
b a s i s , i t  wa s d e c id ed t o  proj ec t l i ke l y  g a s  prod uc t ion per foot o f  
coal s e am t h i ckne s s . Th i s  wo uld l end i ts e l f  to a n  econom i c  ana
lys i s  b a s ed on the to tal t h i ckne s s  o f  coa l-bear i ng s tr a t a  at any 
p ar t i c ul ar l o c a t ion . 

Al l ava i l ab l e  d at a  on g as recovery r a t e s  red uced to a g a s  f l ow 
per foot o f  s e am th i c kne s s , a s  comp i l ed i n  Tabl e 7 ,  wer e  cons idered 
by the s tud y p ar t i c ipants . Th e coal and g a s  company r epre s e n ta
t iv e s  who h av e  been a s soc i a ted w i t h  many o f  the proj e c t s  l i s te d  
there i n  bel i e v e  t h a t  the i r  e f fo r t s  t o  d ate h av e b e e n  conduc ted i n  
s e ams t h a t  t h e y  con s id e r  to h ave t h e  be s t  po ten t i al f o r  g a s  r e
cov ery . For pro j e c t i ng g as recovery rate s to a l l  othe r s e am s  i n  
the c o un try , w i th the l im i ted in forma t ion ava i l abl e , they f e l t  tha t 
a n  averag e  o f  3 M C F/D pe r we l l  per foot o f  b i t um inous coal s e am 
th i c kne s s  wa s a v a l ue that co uld perhaps b e  a t t a i ned . 

Re pre s e n t a t ive s o f  an e ng i ne e r i ng con s ul t i ng company , on the 
o th e r  hand , f e l t  t h a t  much of the e f fo r t  to d ate has b e e n  l im ited 
to d r i l l i ng e i ther one wel l  or a few wel l s  w i th i n  a proj e c t  a r e a . 
They b e l ieve t h a t  t h i s  approac h  d id no t e n a b l e  e f f i c i e n t  remov al o f  
wa ter from the s e ams , a nd had an adv e r se e f fe c t  o n  g a s  f l ow r a te s . 
On the b a s i s  o f  theore t i c al compu ter mod e l s ,  wh i c h , t h e y  c l a im ,  
h ave b e e n  authe n t i c a t ed wi th per formance d a t a , they we r e  muc h  more 
opt im i s t i c about the g as recovery po ss i b l e  from a l l  s e am s  i n  the 
country . The s t udy par t ic i pa n t s  fa i l ed to reach a con s e n s u s  on 
th i s  i s s u e . A m aj or i ty ,  howe v er , f e l t  t h a t  proj e c t ions should be 
b a s ed on an ave r ag e  of 3 MC F/D per foo t , but that the f i n a l  re s ul t s  
qua l i f ied appropr i at e l y  t o  i nd icate t h a t  av a i l a b l e  i n fo rma t ion was 
ve ry sparse a nd tha t mo s t  of the d a ta were r e l a t ed to Appal ach i a n  
e xpe r i ence . 
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TABLE 6 

Horizontal Hole Gas Production 
( Compil ed 2/7 9 ) 

Total Length MCF/D 
Seam L ocation of Holes 1 0 0  F t  A ge Depth 

Pocahonta s #3 VA 5 0 3 1 6 . 6  2 days 1 , 4 5 0  

Pocahonta s #3 VA 3 0 0  1 1 . 5 5 days 1 , 4 5 0  

Pocahonta s #3 VA 1 0 8  nil 5 days 1 , 4 5 0  

Pocahontas #3 VA 2 5 5  nil 5 days 1 , 4 5 0  

Pocahonta s #3 VA 2 5 9  n i l  5 days 1 , 4 5 0  

Pocahontas #3 VA 95 nil 5 days 1 , 4 5 0  

Pocahonta s #3 VA 1 4 0  nil 5 days 1 , 4 5 0  

Pocahonta s #3 VA 9 0  nil 5 days 1 , 4 5 0  

Lwr . Sunnys ide UT 4 3 0  3 7 .  0 2 mos . * 1 , 1 0 0 - 1 , 2 0 0  

Lwr . Sunnys ide UT 4 5 0  2 8 . 0 2 mos . *  1 , 1 0 0 - 1 , 2 0 0  

Pittsburgh WV/PA 2 5  5 days 5 0 0-90 0 

Pocahonta s #3 VA 3 4  5 days 1 , 5 0 0 - 1 , 60 0  

Blue Creek AL 6 4 mos .  1 ,  1 0  0 

Mary Lee AL 2 0  5 days 2 ,  1 0  0 

Pittsburgh wv 4 , 2 9 0  3 . 7  2 yr s . 80 0 

Pitt sburgh wv 5 , 0 0 0  0 . 2  2 yrs .  6 0 0  

Pitt sburgh PA 3 , 0 0 0  1 0 .  4 6 mo s . 7 0 0  

Pitt sburgh wv 4 , 32 5  1 3 . 5 2 yrs 60 0 

Pitt sburgh wv 4 ,  32 5 1 3 . 1 4 yr s .  60 0 

Pitt sburgh wv 4 , 52 4  1 8 . 9  2 yrs .  60 0 

Pitt sburgh wv 4 , 52 4  1 4 . 8  4 yr s .  60 0 

*Declined substantially in later months . 
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TABLE 7 

Coal-Bed Gas Production From Vertical Wel l s  

Production 
Estimated Gas Production Per Foot 

Seam Pre- Pos t- of Seam Re ferring 
Coal-Bed & Location We l l  Thickne s s  Stimul ation Stimul ation Thickn ess Number In 

Particulars I . D .  ( Ft )  ( MCF/D ) ( MCF/D ) ( MCF/D Ft ) �endix I 
--

Pittsburgh , 
Wa shington , PA PV- 1 6 . 0  6 . 8  2 1 .  1 3 . 5  1 2  

PV-2 6 . 0  1 .  0 1 5 . 7  2 . 6  1 2  
PV-3 6 . 0 5 . 5  1 5 . 9  2 . 7  1 2  
PV-5 6 . 0 0 . 3 1 5 . 4  2 . 6  1 2  

Pitt sburgh , 
Greene , PA PE -1  7 . 0 -- 7 . 5  1 • 1 1 2  

N 
.t::> 

PE-3 7 . 0  - - 2 6 . 8 3 . 8  1 2  
PE-4 7 . 0  -- 1 2 . 3  1 .  8 1 2  
PE-5 7 . 0  -- 6 1 .  1 8 . 7  1 2  
PE-6 7 . 0  -- 4 6 . 7  6 . 7  1 2  
PE- 7  7 . 0  -- 7 0 . 0  1 0 . 0  1 2  
PE-8 7 . 0  - - 8 . 4  1 .  2 1 2  
PE- 1 1  7 . 0  - - 6 2 . 2  8 . 9  1 2  
1 0 3 4  8 . 0 -- 1 0 . 0  1 .  3 1 7  
1 0 3 5  8 . 0  o . o  4 5 . 0  5 . 6  1 8  

Pittsburgh , 
Monongalia , WV PF - 1  7 . 0  0 . 5 - - 0 .  1 1 2  

PF-2 7 . 0 0 . 6  - - 0 .  1 1 2  
PF -3 7 . 0  1 .  7 -- 0 . 2 1 2  
PF-5 7 . 0  4 .  1 -- 0 . 6  1 2  



TABLE 7 ( continued )  

Produc t ion 
Estimated Gas Production Per Foot 

Seam Pr e- Pos t- of Seam Re ferring 
Coal-Bed & Location Wel l  Thi ckness Stimul ation Stimul ation Thickne s s  Number I n  

Particulars I . o .  ( F t )  ( MCF/D ) ( MCF/D ) ( MCF/D Ft ) Appendix I --

Pittsburgh , 
Mar ion , wv PL- 1 7 . 0 3 . 7  - - 0 . 5  1 2  

PL-2 7 . 0  0 . 8  -- 0 . 1 1 2  
PL-3 7 . 0  0 . 4  1 6 . 7  2 . 4  1 2  
PL-4 7 . 0  7 . 3  2 0 . 3 2 . 9  1 2  
PL-5 7 . 0  1 .  4 -- 0 . 2 1 2  
L-5 8 . 5  o . o  8 . 6  1 .  0 1 0  
L-.6 8 . 5  o . o  5 0 . 4  5 . 9  1 0  
L-7 8 . 5  0 . 2 1 5 . 0  1 .  8 2 2  

1\..) Pocahonta s # 3 ,  
lJ1 Wyoming , WV PK- 1 6 . 0  5 . 3 -- 0 . 9  1 2  

PK-2 6 . 0  0 . 8 5 . 4  0 . 9  1 2  
PK-3 6 . 0  1 .  0 -- 0 . 2  1 2  
PK-4 6 . 0  4 . 7 -- 0 . 8  1 2  
PK-5 6 . 0  3 . 1 - - 0 . 5  1 2  

Pocahontas # 3 , 
Buchanan , VA 1 6 . 0  0 . 6  1 2 . 0  2 . 0  8 

Cas tl egate # 3 , 
Car son,  UT CC-1 6 . 0  o . o  -- o . o  1 2  

CC-3 6 . 0 o . o  0 . 9  0 . 2 1 2  
CC-4 6 . 0  o . o - - o . o  1 2  
CC-5 6 . 0  o . o  -- o . o 1 2  

Harts horne , 
LeFlore , OK HL- 1 5 . 0  6 . 0  - - 1 . 2 1 2  

HL -4 5 . 0  0 . 8  -- 0 . 2 1 2  
HL-5 5 . 0  1 • 1 2 . 2  0 . 4 1 2  



TABLE 7 { continue d )  

Pro duction 
Es timated Gas Production Per Foot 

Seam Pr e- Pos t- of Seam Re ferr ing 
Coal-Bed & Loc ation Well Thickn e s s  Stimul ation Stimulation Thickn e s s  Number I n  

Particulars I . o .  { Ft )  { MCF/D ) { MCF/D ) { MCF/D Ft ) Appendix I 

5 seams in s ame wel l ,  
Clay , I L  NK* 8 . 0 1 0 . 0  - - 1 .  3 4 

I l l inoi s  #6 , 
Jeffer son , I L  1 9 . 0 o . o  4 . 3 o .  5· 1 9  

5 seams in same wel l ,  
Rio Blanc o ,  CO TA- 1 7 . 9  o . o  -- o . o  4 

1 2  seams in same we l l , 
N We s tmoreland , PA 1 2 3 . 5  - - 4 0 . 0 1 . 7  2 0  
0'\ 

6 seams in s ame wel l ,  
Cambria , PA 3 2- 1 3  2 3 . 5  - - 4 0 . 0 1 .  7 2 0  

Blue Creek { 1 5 we l ls ) ,  
Jeffer son , AL NK* 5 . 5  -- 6 7 . 5 1 2 . 3  2 1  

9 seams in s ame wel l ,  
Noble , OH GT- 1  1 1 . 0  0 .  1 1 .  6 0 .  1 2 2  

*Not known . 



COMPUTAT I ON OF COA L  S EAM TH I CKNE S S  

T h e  u . s. Ge olog i c a l  S urvey ' s  ( U SGS ) compute r i ze d  d at a  b a s e  con
t a i ned a county- by- c o unty l i s t i ng of coal re source i n forma t i o n  by 
r ank , d epth , a nd t h i c kne s s . For each coal- b e a r i ng county , the 
aver age coal th i c kne s s  was c a l c ul ated by d iv id i ng the to tal i n
place coal r e s e rv e s  by the area o f  the coun ty , a nd us i ng the d en
s i ty o f  coal a s s umed i n  the USG S  d ata b a se . Th i rt y  per c e n t  o f  the 
rese rves w i th in each coun ty in the d epth rang e  of 0 t o  1 , 0 0 0 f ee t  
wa s a s s umed t o  l i e l e s s  tha n 3 0 0 f e e t  from the s ur f ace , and wa s 
s ub trac ted f i r s t  w i th the a s s umption t h a t  th i s  coal wo u l d  con t a i n  
no econom i c a l l y  recoverable g a s . I n  c e r t a i n  s t a te s , t h e  USG S  r e
port i nd i c a ted add i t ional r e s e rv e s  i n  the una s s i g ned and unc l as s
i f ied c ategory . These we re al located on a pr o- ra t a  b a s i s  to the 
i nd iv id ual coa l - b ear i ng coun t i e s  i n  the par t i c ul ar s ta te . Al so 
incl ud ed on a pr o-r a t a  bas i s  were the add i t ional hypo the t ic a l  coal 
resourc e s  by s ta t e , l is ted i n  T a b l e  3 .  Gr aphs we re p l o t ted to 
i nd icate to t a l  re source for each rank of coal ag a in s t  to t a l  coa l 
t h i ckne s s  a s  d ep i c ted i n  F i g ur e s  1 ,  2 ,  a nd 3 .  
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C HAPT ER F I VE 

ECONOM I C  ANALYS I S  

BACKGROUND 

It mu s t  be no ted a t  the o u t s e t  that no p ubl i shed d a ta are 
ava i l ab l e  on the e conom i c s  of coal-bed g as recovery proj e c t s . Of 
the few gas recov e ry proj e c t s  that have been in ope ra t ion , or are 
now in  operat ion , m o s t  are pr imar i l y  re search or i e nted , w i th the 
ac t ive coope r a t ion a nd as s i s tance of the u . s. B u r e a u  of M i ne s  and 
the De pa r tment o f  En ergy . Co s t  i n format ion has e i th e r  not bee n 
f ul l y  d ev e l oped or i s  not r e l e a s ed for propr i e tary re a son s . Ec o
nom i c  pro j ec t ions c anno t , there fore , b e  based on h i s to r i c a l  i n for
mat ion . 

Probl ems a s soc i a ted w i th the general l ack o f  cos t  i n forma t i on 
are imme a s urably compo und ed by the fact that g a s  recovery r a t e s  and 
vol umes canno t  be proj ec ted w i th any d eg ree o f  con f idence , as d i s
c us sed e arl ier . 

EST IMAT I ON OF COSTS 

Ind iv idual s t udy par t ic i pants e s t imated i nve s tme n t  cos t s  for 
the type of v er t i c a l  we l l s  proj ect they are u t i l i z i ng or wo uld 
u t i l i ze .  The i nd iv i d u a l  analyse s we re then compared w i th the o b
j ec t ive o f  reconc i l i ng d i spar i t i es for reasons o f  d i f f e r i ng as
s umpt ions and a s se s sme n t s . Many of  the co s ts are s i te s pec i f i c i n  
na ture and these showe d w i d e  v ar i ab i l i ty . Se tt i ng t h e s e  i tems o f  
co s t  as ide , i t  wa s po s s i b l e  to s ynthe s i ze ave r ag e  c o s t s  per foo t 
length o f  a we l l  for 3 , 0 0 0 - foo t we l l s , w i th a spac ing o f  3 , 0 0 0 f e e t  
between we l l s . The s i t e- spec i f i c co s t s  we re ave r ag ed t o  prov id e a 
typi cal- c ase s c e nar io . 

I t em s  o f  co s t  i n c l ud ed wa ter hand l ing , we l l he ad compre s sor s , 
a l l  p i p i ng , e tc . , w i t h i n  the proj ect are a .  H i g h-pre s s ure compre s
s ion wa s not i n c l ud ed in the base case s i nce i t  was fe l t  t h a t  i n  
some s i t uat ions t h e  g a s  could b e  del ivered d i re c t l y  t o  a l ow-pre s
s ure pipe l ine . Some o f  the g as is e x p e c ted to need s c r ubb i ng to 
r emove con t am i n a n t s  l i ke c arbon d iox ide , wa ter , e tc . , t h a t  may b e  
pre se nt . Th e s e  c o s t s  we re e s t imated separate l y  so t h a t  they c o u l d  
b e  add ed t o  t h e  b a s e  c a s e  econom i c s  a l o n g  w i th the cos t o f  e x t en d
i ng an e s t imated S -m i l e  averag e leng th o f  a g a the r i ng or t r unk 
p ipel ine , and an e s t ima ted 1 0 , 0 0 0  f e e t  of power t r a n sm i s s ion l i ne ,  
to the proj e c t  s i te . 

A " typ i c a l "  hypo the t i cal proj ect s c e n a r i o  wa s used , c ompr i s i ng 
2 0  i n i t i a l  wel l s  d r i l l ed on a 5 x 4 g r id to a 3 , 0 0 0 - foo t d epth and 
a 3 , 0 0 0 - foot spac i ng . I t  wa s recog n i zed tha t i n  a c t u a l  pr ac t i c e  
the spac i ng wo uld b e  q u i t e  var i able for e a c h  s i t ua t ion . Howeve r ,  
the costs rel a ted to spac i ng be twe en we l l s  are a sma l l  proport ion 
of to tal cos t  and , there fore , w i t h i n  the acc uracy of t h i s  a n a l ys i s , 
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t he pe r-w e l l  co s t s  we re cons i d ered to be app l i c a b l e  for a w i d e  
r a nge o f  we l l  s pac i ng s . 

Us i ng a 1 0  perce n t  d e c l i ne rate , i t  wa s nece s s ary to b r i ng a d
d i t ional we l l s  on l i ne every ye ar so as  to s tay w i th a c on s t a n t  
ye a r l y  prod uc t ion . A 9 0  pe rcent s ucce s s  r a t i o  was a s s ume d ; i . e . , 
o f  a l l  the we l l s  t h a t  wi l l  be d r i l led i n  a proj ec t ,  1 0  p e r c e n t  w i l l  
h ave me chan i c a l  o r  o t h e r  d r i l l i ng probl ems wh ich w i l l  requ i re tha t 
the ho le be pl ug g ed , a nd wi l l  the r e fore prod uce no g a s . A 1 2 -y e ar 
prod uc i ng l i fe wa s us ed for an i nd iv i d ua l  we l l , and a 2 0 -year l i fe 
of  the proj e c t  wa s used for econom i c  a n a l ys i s . 

I t  i s  fe l t  t h a t  w i th s u c h  a hypo the t i c a l  proj ec t the total 
f i eld s i z e mus t be cons i s tent w i th that of a l arge c omme rc i a l  
v e n t ur e  i n  ord er t o  proper l y  absorb the cos t o f  h ig h  c ap i tal 
i nve s tme n t s  for c ompre s s ion , scrubb i ng , trunkl i ne s , e tc . 

The capi t a l  cos t s  connec ted w i th s uch a hypo the t i c a l  proj e c t  
a re g iv e n  i n  Appe nd i x  F ,  a n d  the ope r a t i ng c o s t s  are s hown i n  
Appe nd i x  G for s ix d i f ferent l eve l s  o f  g a s  prod uc t ion , a t  1 0 ,  2 5 ,  
5 0 ,  7 5 ,  1 0 0 , a nd 1 5 0 M CF/D per we l l . Co s t s  for add- on i tems l ike 
s c r ubb i ng , h ig h-pre s s ure compre s s ion , e tc . , a re s hown separa t e l y  
for e a c h  c a s e . 

I t  may once ag a i n  be emphas i zed tha t the per-we l l  c o s t s  s hown 
in Append i x  F i n c l ude no t only the d i re c t  d r i l l i ng a nd h yd ra u l i c  
fractur i ng c o s t s , b u t  a l so a n  appo r t ionment o f  c o s t s  o n  i tems l ike 
wa ter h a nd l i ng , connec t i ng p i pe l i nes , and powe r transmi s s ion , a s  
we l l  a s  c o s t s  o n  acqu i r i ng r ig h t-o f-w ays , a c c e s s  road s , e tc . 

D I S COUNT E D  CASH FLOW ( DC F )  ANALYS I S  

A DC F analys i s  wa s done to pro j ec t  g a s  pr i c e s  u nd e r  d i f fe r e n t  
s cenar i o s  o f  g a s  prod uc t ion pe r we l l , u s i ng f i nanc i a l  g u i d e l i n e s  
e s t ab l i s hed f o r  th i s  s t udy . A n  econom i c  c a s e  a t  a 1 0  pe rcent ROR ,  
us i ng un i n f l ated 1 9 7 9  c o s t s , was thus comp l e ted a l ong w i th two 
o ther c a s e s  a t  1 5  and 2 0  pe rcent ROR ' s .  M i d-ye a r  d i scount fac tors 
were used throug ho u t . 

The tang i b l e  equ i pment costs we re d eprec i a ted by a comb i n a t ion 
of doub l e  d e c l i n i ng bal ance and the s um-o f-d ig i t s  me t hod of d e pr e
c i a t ion ,

' 
so  a s  to g a i n  the f as te s t  d eprec i a t ion o f  a s s e t s  po ss i b l e . 

A 1 0  pe rcent i nve s tme n t  tax cred i t  was used . Al l i n t a ng ible co s t s  
were expe n sed . 

A f e d eral i ncome tax rate o f  4 6  percent a nd an averag e s tate 
i n c ome tax o f  2 pe rcent we re used , as  per the g u id e l i ne s .  No 
d ep l e t ion cred i t  wa s take n ,  a nd a roya l ty r a te of one- e ig h th wa s 
ut i l i zed . 

Gas pr i c e s  we re thus c a l c ul a ted f i r s t  for the c a se where the 
produced g a s  w i l l  be d e l ivered on s i te i n  a low-pre s s ure p i pe l ine . 
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T h e  pr ice impac t o f  the other add-on i tem s , l ike h ig h-pre s s ure com
pre s s ion , s c r ubb i ng co s t s , trunk g a s  l i ne co s t s , e tc . , wa s s e p a
r a t e ly a s s e s sed . 

GAS PR ICE PROJECT IONS 

F ig ur e  4 d e p i c t s  the r e l a t ions h i p  ( for the b a s e  c as e )  b e t wee n 
g as prod uc t ion per d ay per vert i c a l  we l l  and the s e l l i ng pr i c e  o f  
gas a t  1 0 ,  1 5 ,  and 2 0  pe rcent ROR ' s .  F i g ur e  5 d e p i c t s  the s am e  
r e l at ionsh ip whe n  c o s ts f o r  add- on i tems l ike h ig h- p re s s ur e  com
pre s s ion , s c r ubb i ng , t r unk d e l ivery l ine , a nd powe r tran sm i s s i o n  
l i nes a r e  i n c l ud ed . 

Al so analyzed we re e conom i c s  for a proj e c t  whe r e  2 , 0 0 0 - foo t 
hor i zon t a l  hol e s  are d r i l l ed from the bo t tom o f  a s h a f t . Gas f low 
rate a s s umed in th i s  s i tu a t ion wa s 1 5  MCF/ D  p e r  1 0 0 - f oo t  ho l e  
l e ngth , b a s ed o n  expe r ience i n  the P i t t sb urg h s e am .  As s um i ng that 
the e n t i r e  s h a f t  co s t  wa s wr i t t e n  off w i th i n  the proj e c t  l i f e  of 1 2  
ye ar s , the econom i c s  were compar able to a ve r t i c a l  we l l s  proj ec t 
where the produc t ion pe r we l l  wa s i n  the 2 0 - 3 0 M C F/D r ang e , wh i c h  
i s  about wha t  t h e  ave r ag e  prod uc t ion has bee n  from t h e  P i t t s b urgh 
s e am .  

I t  can , there fore , b e  s a i d  that i n  s i tua t ions whe r e  prod uc t i on 
rat ios be twe e n  ver t i c a l  a nd hor i zontal hol e s  are comparable to wha t 
has been obs e rv ed i n  the P i ttsb urg h s e am ,  t h e  s h a f t  approach may 
prov ide a v i ab l e  al terna t iv e  to s t imula ted v e r t i c a l  we l l s .  Th i s  
approach i s  pre ferable i n  coal seams tha t may b e  m in e a b l e  now o r  i n  
the f u t ure . 
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CHAPTER S I X  

PROJE CTION OF RESERVE S AND PRODU C T I ON 

PROJECT I ON OF ECONOM IC RESERVES 

For e ach gas pr ice l evel , the m i n imum i n i t i al g a s  f l ow requ i r ed 
per we l l  can be d e term ined from e i th e r  F i g ure 4 or F i g ur e  5 ,  d e
pe nd ing upon whe th e r  or not the add-on i tems l i ke h ig h-pre ss ure 
compr e s s ion , e tc . , are to be i n c l uded . Us i ng the average g a s  f l ow 
of 3 MCF/D per foo t of b i t um i nous coal s e am th i ckne s s  per we l l , the 
above m i n imum g as f low per we l l  can be conver t e d  i n to an equ i v a l e n t  
th ickne s s  o f  b i t um i nous coal . F ig ure 1 can t h e n  be u s ed t o  re ad 
the total b i t um inous coal re source in pl ace for t h a t  par t i c u l ar 
coal th ickne s s . A s im i lar s e t  of c a l c u l a t ion s c a n  b e  made for s u b
b i tuminous coa l s  and l ig n i te s , w i th the f ur th e r  a s s umpt ion tha t  the 
gas flow per foot of  s e am th i ckne ss for the s e  l ower rank coa l s  w i l l  
b e  4 0  percent and 2 0  perce n t , respe c t iv e l y , o f  t h a t  o f  b i tum i no u s  
coal s , i n  accordance w i th the i r  s im i l ar l y  l owe r e s t ima t ed gas con
tents in pl ace . 

In  e x trapo l a t i ng from the coa l resour c e  to the e conom i c  g a s  re
source in place , the e s t imated ave r age gas con t e n t  of  the d i f fe r e n t  
ranks o f  c o a l  ( 2 0 0  cub ic f e e t  p e r  ton for b i t um i no u s  coal s ,  8 0  cu
b i c feet pe r ton for s ubb i t uminou s coal s , and 4 0  c ub i c  f e e t  pe r ton 
for l ig n i te s ) can be used . Re covera b l e  g a s  r e se r v e s  we re obta i ned 
u s i ng an e s t imated 5 0  perce n t  recove ry , a nd f ur t h e r  a s s um i ng t h a t  
1 0  perce n t  o f  t h e  recoverable gas w i l l  be i n a c ce s s i b l e  because o f  
i t s  loc a t ion be low r iverbed s , recre a t ional a n d  w i l d l i fe areas , e tc .  

Tabl e  8 s hows the e s t ima ted amoun t s  of  e conomi c a l ly re coverable 
reserv e s  for the base case a t  d i f fe r e n t  ROR ' s .  F ig ur e  6 s hows a 
smoo thed g raph s how i ng the s ame pro j e c t i on s . 

BACKGROUND FOR ANALYS I S  OF POTENT IAL PRODU C TI ON 

The rate o f  deve lopmen t  o f  g as r e s e rv e s  pro j ec ted above w i l l  
depend o n  the r e a l i t i e s  o f  the marke tplace , the f e d e r a l  a nd s tate 
reg ul a tory c l imate , ava i l ab i l i ty o f  c ap i t a l , and the a b i l ity of the 
i nd us try to d eve lop the re source . A d e l a y i ng f ac tor is l i ke ly to 
be the i s sue o f  coa l- bed gas owne r s h i p , wh i c h  w i l l  have to resolve 
i t s e l f  through the cour t s  be fore a f ul l- f l ed g e d  coun t ryw ide prog r am 
for coal-bed g a s  recovery w i l l  be e s tabl ished . 

For purpo s e s  o f  th i s  analys i s  i t  i s  a s s umed t h a t  a marke t w i l l  
e x i s t  for coal-bed gas prod uced a t  a pr i c e  b a s ed o n  a 1 0  per ce n t  
ROR , and tha t  s u f f i c ie n t  cap i tal w i l l  b e  a v a i l ab l e  and c a n  b e  a t
trac ted a t  s uch an ROR . I t  i s  a l so a s s umed t h a t  a f avor a b l e  r e g u
l a tory c l ima te w i l l  e x i s t  for prod uc t ion and marke t i ng o f  th i s  g as . 
As far as  the ownersh ip i s s ue i s  concerned , i t  i s  a s s umed here that 
it  wi l l  sort i t s e l f  o u t  by the end of the year 1 9 8 4 . The i n t e r im 
per iod w i l l  prov ide s u f f i c ient t ime to co l l e c t  add i t i o n a l  d a t a  on 
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TABLE 8 

Proj ected Bconornic Reserves of Coal-Bed Gas 
( Raw Ga s On Si te With No Compres s ion )  

( Constant 1 97 9  Dollars ) 

Price Leve l ROR Recoverable Reserves 

$ 2 . 5 0 /MCF 1 0 % 5 . 0  
1 5 % 2 . 5 
2 0 %  2 . 0  

$ 3 . 5 0 /MCF 1 0% 1 3 .  1 
1 5% 9 . 9 
2 0% 7 .  1 

$ 5 . 0 0 /MCF 1 0% 2 5 . 4  
1 5% 1 9 . 9  
2 0% 1 6 . 7  

$ 7 . 0 0 /MCF 1 0% 3 3 . 9  
1 5% 3 0 . 7  
2 0% 2 4 . 3 

$ 9 . 0 0/MCF 1 0% 44 . 7  
1 5% 3 8 . 4  
2 0 %  3 3 . 2  

( TCF ) 

the g a s  con t e n t  o f  coa l s  and on the phys i c a l  and chem i c a l  charac
ter i s t ic s  o f  g a s  f l ow through coal s e ams , wh ich s ho uld red uce the 
uncerta i n t i e s  t h a t  now e x i s t . 

On ce the a s s umpt ions outl ined above have b e e n  mad e , t h e  con
trol l i ng f ac tor wo uld be the ab i l i t y  o f  the i nd u s try to d ev e lo p  
th i s  re source . Th i s  w i l l  d epe nd pr imar i ly o n  t h e  av a i l ab i l i ty o f  
equ i pme n t  a nd tra i n ed c rews need ed for g a s  re covery proj e c ts . 

PROJE CT I ON OF RAT E OF DEVE LOPM ENT BY VERT ICAL WELLS 

Fo r d e v e l opme n t  of the po te n t i a l gas re source by v e r t i c a l  we l l  
proj e c t s , the pr ime requ i rement w i l l  b e  the ava i l ab i l i t y  o f  s u f
f ic i e n t  d r i l l  r i g s  a nd r e l ated equ i pmen t , a long w i th tra i ned per
sonne l  to man the proj e c t s . I t  i s  the v ie w  o f  the N P C  t h a t  th e 
manufac tur i ng i n d u s try w i l l  be a b l e  to keep pace w i th the prod uc
t ion of the mod e s t  amo un t s  of add i t ional r ig s  r e q u i r ed for t h i s 
purpo se , a nd that add i t ional tra i ned pe rsonne l can be p u t  i n  p l ace . 
Wi th th i s  a s s umpt ion , a scenar io has bee n  d ev e l oped for the d r i l 
l ing o f  t h e  requ i red v e r t i c a l  we l l s  o v e r  a pe r iod o f  a b o u t  1 8  
ye ar s , and the recovery o f  the re so urce for a total o f  2 8  years . 
Such a rate o f  d ev e l opme n t  w i l l  req u i r e  the d epl oym e n t  o f  an ad
d i t io n a l  8 0  r ig s  pe r ye ar for a pe r iod of e ig h t  years , a s s um ing 
tha t e a c h  r ig w i l l  be a b l e  to d r i l l  an av erag e o f  4 5  p rod uc i ng 
we l l s  per year . A spare capac i ty a l re ady e x i s t s for t h e  man u f a c
t ur i ng o f  the se add i t ional r ig s , a nd sho u l d  there fore c a u s e  no con
s tra i n t  on g a s  prod uc t ion . 
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The pro j e c te d  r a te a t  wh ich the g a s  can b e  prod u c ed u n t i l  the 
e nd o f  th i s  c e n tury is s hown in F i g ure 7 .  Al so s hown are the ad
d i t ional we l l s  t h a t  w i l l  n e ed to be d r i l l ed e a c h  ye ar and the coa l
bed g a s  r e s e rv e s  add ed as  a conseque nce of such d r i l l i ng .  F i g ure 8 
s hows the c umul a t ive n umbe r  o f  wel l s  i n  pl ace , the c umul a t iv e  annu
al prod uc t ion , a nd the rem a i n i ng reserves of recov er ab l e  g as a t  the 
e nd of e a c h  year . It is emphas i zed t h a t  the g raph s r e l a t e  to th e 
base case whe re recovered g as can be used a s  prod uced . 

PROJECT I ON OF RAT E OF DEVE LOPM ENT BY S HAFTS AND H OR I Z ONTAL DRI LL I N G  

I t  may be d e emed neces sary t o  recov e r  the coa l-bed g a s  re so urce 
u s i ng a l ternate t e c h n ique s of d r i l l ing ho r i zo n t a l  ho l e s  f r om s h a f t s  
i f  t h e  conc e r n s  r e g a rd i ng h yd ra ul ic s t imul a t ion c a n n o t  be e l im i
n a ted . I n  t h a t  c a s e  there could be a cons t ra i n t , n o t  so much i n  
t h e  manu f a c t ure o f  add i t ional shaf t-s i nk i ng equ i pme n t , b u t  i n  t h e  
t r a i n i ng o f  c r e ws i n  th i s  spe c i a l i zed f i e l d . I n qu i r i e s  to th i s  e f
f e c t  r ev e a l ed a pre s e n t  c apac ity for s ink i ng abo u t  5 0  s h a f t s  a 
year , a nd an e s t imate o f  2 0  percent add i t iona l capa c i t y  e v ery ye ar , 
i f  s u f f ic i e n t  d emand was a t  h and . Us i ng s uc h  a t ime t a b l e  for th e 
s i n k i ng o f  add i t ional s h a f t s , a 2 2 -year sha f t- s i nk i ng prog ram w i l l  
be req u i red to recov e r  the to tal proj ec ted g a s  re source i n  a per iod 
of about 3 5  y e a r s . 

The rate a t  wh i c h  the g a s  can be prod uced u n t i l  the e nd o f  the 
c e n t ury , u s i ng the s h a f t  appro ach , i s  s hown in F i g ur e  9 .  Also 
s hown are add i t i o n a l  shafts per ye ar and the add i t i o n s  to comm i tted 
r e s e rve s . F ig ur e  1 0  s hows c umul at ive prod uc t ion , the c umul a t iv e  
n umber o f  s h a f t s , a nd the resources o f  g as rema i n i ng e v ery year . 
Once ag a i n , i t  i s  emph a s i z ed that the quan t i t ie s  s hown r e l a te t o  
the base c a s e , a nd tha t the c umulat iv e  amount s  r e covered w i l l  b e  
l e s s  bec a u s e  o f  scr ubb i ng , h i g h-pre s s ure compre s s ion , a n d  d e l i v e r y  
i nto a p i pe l ine t h a t  m a y  b e  requ ired i n  some a r e a s . 
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C HAPT E R  S EVEN 

CONSTRA INTS 

BACKGROUN D  

The coa l-bed g a s  re source i s  o f  a fa i r l y  impre s s ive s i ze and 
there are s i t uat ions wh ere i t  could be commerc i a l ly e xp l o i ted to 
red uce th i s  co un t r y ' s  d epe nd e nce on fore ign e n e rgy source s .  The r e  
are , howeve r ,  constra i n t s  t h a t  w i l l  hav e  t o  be addre s sed i n  ord er 
to e ncour ag e  the flow o f  s i zeabl e cap i tal requ i r eme n t s  i n  thes e 
ve n tur e s . Some o f  t h e s e  con s tr a i n t s  are i n s t i t ut ional , o th e r s  are 
reg ul a tory , wh i l e  s t i l l  o ther s emanate from tec hn i c al uncerta i n t ie s  
d ue to l im i ted av a i l ab i l i ty o f  d ata . 

LEGAL CONSTRAINTS 

The i s s ue of gas owne r s h i p  is unre solved and w i l l  h ave to awa i t  
a f i nal d e c is ion from the cour ts o f  t h i s  coun try . Un t i l  t h e n , to 
l eg a l l y  recover a nd marke t g a s , the company mus t  h av e  coal as  wel l 
as  o i l  and gas r ig h t s  i n  an area ; or whe r e  two or more par t i e s  are 
i nvolved i n  the owne r s h i p  o f  e i ther the coal or the o i l  a nd g a s , 
they may j o in i n  a comprom i se to prod uce the g a s . I n  c a s e s  where 
gas recovery i s  soug h t  from l o ng hor i zon t a l  hol e s , a nd l and owne r
s h i p  over the proj e c t  area i s  d iv ided i n to many sma l l  parce l s , the 
gas owne r s h i p  i s s ue is o f  added s ig n i f i c a nc e . There i s  a l so th e 
need to sc rut i n i ze s tate and o ther local reg ul a t ions that m ig h t  
pre c l ud e  or d i scour ag e  the recove ry a n d  marke t i ng o f  coa l-bed g a s . 

ENVI RONM ENTAL C ONSTRA INTS 

Th e mos t  important e nv i ronmental cons tra i n t  is the d i spo s a l  o f  
coa l-bed wa te r . The compos i t ion o f  coa l-bed wa t e r  v a r i e s  w i d e ly , 
from sl ig h tly ac id ic to s l ig htly a l kal ine , a nd i s  o f t e n  s a l i ne . 
Env i ronme n tal requ i r eme n t s  vary from s ta t e  to s t ate , but wher e 
l arge quan t i t ie s  o f  water need to be remov ed a nd t r e a ted be fore 
d i spo s a l , the cos t s  could be s ubs tant i a l . A l so , where ava i l ab i l i ty 
of  water i s  an i s s ue , a s  in  some we s t e r n  s ta te s , the d rawd own o f  
the wa ter table d ue to g a s  re covery proj e c t s  co u l d  become a s ign i
f icant i s s ue .  

COMMERC IAL CONSTRA INTS 

Coal compa n i e s  a nd publ ic ut il i t ie s  both h av e  l imi ted exper i
e nce in the recov e ry and marke t ing o f  coal - b ed g a s . Un cer ta i n t ie s  
i nvolved i n  the rate and d urat ion o f  d e l ivery a nd t h e  compos i t io n  
and hea t i ng val ue o f  t h e  d e l ivered g a s  i s  l ike ly to compl i c a te 
s ig n i ng o f  gas purchas e  ag reeme n t s  g e n e r a l l y  so ug h t  by u t i l i t y  
compan i e s . Impur i t i e s  i n  coal- b ed g a s , l ike wa t e r  a nd c arbon 
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d iox ide , are a l so o f  concern because o f  the i r  corro s iv e  a c t io n  on 
p i pe l i ne s  a nd o t h e r  eq u i pme n t .  The s e  impur i t i e s  w i l l  h av e  to b e  
r emoved , i f  n e c e s s ary a t  added cos t . I f  the g as recovery pro j e c t  
i s  conne c ted t o  a c t ive coal m i n i ng ope ra t ions , t h e  u t i l i ty w i l l 
h av e  to accept d e l iver i e s  o f  a l l  g as that i s  prod uced , a s  the 
concern for s a fe ty w i l l  prob ably l e ave no c ho i ce but to vent the 
add i t ional gas if it is not s a l eab l e . 

T ECHNOLOG ICAL CONSTRA INTS 

Much of the tec hnology for gas recovery is prov e n . The r i sk 
l i e s  not i n  the equ i pment i t se l f , b u t  in  the fac t t h a t  g a s  f l ow 
r a t e s  c a n no t  now be proj ec ted w i th any amo unt o f  c e r t a i nty . There 
is  a bas i c  l ack of i n forma t ion and a v i t a l  need , t h e r e fore , to 
c o l l e c t  b a se l ine d a t a  on the g a s  content of d i f fe r e n t  types of coal 
and on the parame ters that con trol the f l ow o f  g as in coal bed s , as  
we l l  as  to do r e s e arch on the rese rvo i r  c h a r a c t e r i s t ic s  a nd g a s  
produc ing ab i l i ty o f  coal bed s . 

Dr i l l i ng technology , e spe c i al ly for hor i zo n t a l  a nd s l an t  ho l e s , 
needs improv emen t  i n  the d r i l l  gu id ance s y s tem a nd i n  con t i nuou s 
i n- hole survey i ng i n s t r ume n t a t ion . 
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C HAPT E R  E IGHT 

COMPA R I SON W ITH OTH ER STUD I E S  

COAL-BED GAS RESOURCE I N  P LACE 

Ba s ed on the e s t imate s  of coal re sources and g a s  content u sed 
in  th i s  analys i s , an in- p l ace g as resource b a s e  of 3 9 8  T C F  h a s  been 
pro j e c ted ( Tabl e 4 ) .  A compar i son w i th o ther s t ud i e s  c o nd uc ted i n  
the pas t  i s  s hown i n  T a b l e  9 .  

As c an be s e e n  f rom T a b l e  9 ,  the N PC ' s  proj e c t ion o f  the po ten
t i al g a s  r e s o urce b a s e  i s  cons i s tent w i th o th e r  r e c e n t  e s t imates . 
Fur the r , h ig h  acc uracy i n  the resource b a s e  i s  not o f  g reat impor
tance at th i s  t ime , d ue to the myr i ad o f  o th e r  unce rta i nt i e s . 

TABLE 9 

C omparison of Proj ections on I n- P lace Gas Resource 

E s t imat e ( TCF ) 

N PC ,  1 9 79 ( Thi s Study ) 3 9 8  

PERC , 1 9 7 9 * 8 5 0  

TRW I 1 9 7 8 t  7 2 - 8 6 0  

Wi s e , 1 9 7 8 § 3 0 0 - 8 0 0 

Deul , 1 9 7 8 �1 2 5 8 - 6 2 9  

Na t l . Ac ad. Sc i . , 1 9 7 6 * *  3 0 0  

*Appendix I ,  Re f .  1 • 

t Appe nd ix I ,  Re f .  1 3 .  

§Appendix I ,  Ref .  1 4 .  

,! Appendix I ,  Re f .  1 2 .  

* *Appendix I ,  Re f .  1 5 .  

ECONOM I CALLY RECOVE RABLE GAS RE S E RVE S 

Un fo rtunate l y , most s t ud i e s  do not g o  beyond pro j e c t io n s  o f  the 
coal-bed g a s  re s o urce b a s e  and at tempt to e s t imate the quan t i t i e s  
of  e conomi c a l ly r e covera b l e  g a s  r e s e rves . S i nce the mag n i t ude o f  
the re source b a s e  i s  l a rg e , a n  un fo unded and un i n t e n t i o n a l  impre s
s ion tend s to be c re a ted that the l e v e l  o f  e conom i c a l l y  r e coverab le 
gas r e s e rve s i s  e q ua l l y  l a rge . 

Th i s  s t udy h a s  a t tempted ( 1 )  to e s t imate c o s t s  o f  r e c ove r i ng 
the resource b a s e  and ( 2 )  to d e v e l op pro j e c t io n s  o f  e conom i c a l ly 
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recov e r ab l e  q u a� t i t ie s  o f  g a s , wh i c h  are a muc h more re l ev a n t  i n p u t  
f o r  po l i c y  mak i ng . S umma r i e s  o f  proj ec ted e conom i c  re s e rv e s  o f  
coa l-bed g a s  are pre s e n t ed i n  Tabl e 8 for v a r i o u s  pr i c e  and ROR 
s ce nar i o s . Th e o n l y  o th e r  rec e n t  s t ud y wh i c h  a t tempted to e x am i ne 
po ten t i al quan t i t i e s  o f  econom i c a l l y  �e cove r a b l e  c oa l-bed g a s  r e
s er v e s  i s  t h e  repo r t  by Le w i n  and As soc i a t e s , I n c . ( s ee Appe nd i x I ,  
Re f . 1 6 ) . 

The Lew i n  s t udy wa s done i n  1 9 7 7  and i s  b a s ed o n  a 1 0 -year pay
o u t  pe r iod , wh i l e  t h i s  N PC s t ud y a s s umes 1 9 7 9  c o s t s  and i s  b a s ed on 
var ious i n te r n a l  DC F ROR ' s .  Table 1 0  compare s the re s u l t s  of th e 
Le w i n  s t ud y w i t h  the proj e c t ions o f  th i s  s t ud y , a t  a 1 0  p e r c e n t  
ROR .  

TABLE 1 0  

C ompa r i s on of P roje cted R e cove rab l e  R e s e rve s 

P r o j ected R e serves ( TCF ) 
Gas P r ice ( $ /MCF )  NPC L ewin 

---

2 .  5 0  s . o 2 - 1 1 

3 . 5 0  1 3 .  1 2 - 1 1 

s . o o  2 5 . 4 2 -2 7  

Note : NPC s tudy assumes constant 19 79 dol l ars . 

The range s pec i f i ed i n  the Lew i n  s t udy i s  a re f l e c t i o n  o f  the 
u nc e r ta i n t i e s  i nvolved i n  s uc h  proj ec t ions . T h e  re s u l ts of t h e  two 
s t ud i e s  are , howev e r , q u i te cons i s te n t  and re i n fo r c e  the conc l us ion 
t h a t  econom i c  r e s e rv e s  o f  coal- bed g a s  are only a f r a c t ion o f  t h e  
to t a l  proj e c t ed i n-place resourc e . I t  i s  c r i t ic a l l y  impo r t a n t  tha t 
po l i cy m ake r s  d i s t i ng u i s h  b e twe en the � e s o u r c e  b a s e  and e conom i c  
re s e rve s . 
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Depa rtment of Energy 
Washington, D.C.  20585 

Dear Mr . C hand l er : 

June 2 0 ,  1 9 7 8  

An obj ec tive o f  t h e  energy supply i n i t i a t i v e s  o f  t h e  
Pre sident ' s  energy pol icy i s  t o  promot e  dome s t i c  e n ergy pro
duc t ion from unconven t ional sour c e s  a s  wel l  as f r om conven
tional sour c e s . One of the areas to b e  encourag e d  i s  t h e  
recovery o f  n a tural g a s  f rom uncor. 7ent io n a l  sourc e s . 

I n  the pas t , t h e  N a tional P e tr o leum Counci l  h a s  provided 
the Department o f  t h e  I nt erior with appr a i sa l s  o n  the ext e n t  
and r ecovery o f  t h e  N a t ion ' s  o i l  and g a s  r esour c e s  t hrough 
such s tudi e s  a s  Future P e tr o leum Prov i n c e s ,  U .  S .  E n ergy Out
look , Ocean P e t r o leum Resourc e s , and Enhanced O i l  Recovery . 

Ther e fore , t h e  N a t i o n a l  P etrol eum Counc i l  i s  reque s t e d  t o  
prepare , a s  an e a r ly and import a n t  p a r t  o f  i t s  n ew r e l a tion
s h ip with the Department o f  Energy , a s tudy on unconv e n t i o n a l  
sour c e s  o f  natural g a s  to include deep geopr e s sured z o n e s , 
Devon i a n  s h a l e , t ig h t  g a s  s ands , and coal s e ams . Your a n aly
sis s hould a s s e s s  t h e  resource base and t h e  s ta te - o f -t h e - a r t  
o f  recovery t e c hno logy . Addi t io na l ly , your app r a i s a l  s hould 
include t h e  out look for cos t s  and recovery o f  unconv e n t i o n a l  
g a s  a n d  s houl d  cons ider how Governmen t  pol i cy can improve t h e  
outlook . 

For the purpo s e  o f  t h i s  s tudy , I wi l l  de s ig n a t e  t h e  Deputy 
As s i s tant Secret a ry for P o l i cy and E v a l u a t i o n  to repre s e n t  
me and t o  provide t h e  n e c e s s ary coord i n a t i o n  b e tw e e n  t h e  
Department o f  Energy and t h e  N a tion a l  P e tr o le um Counci l .  

S i n c e r e ly , 

�s�· � 
Mr . C o l l i s  P .  Chand l er , Jr . 
Chairman , N a t io n a l  P e tro l eum 

Counc i l  
1 6 2 5  K S tree t , N .  W .  
Was h i n g ton , D . C .  2 0 0 0 6  
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D E S C R I PT ION OF THE NAT I ONAL P ETRO L E UM C OUN C I L  

I n  May 1 9 4 6 ,  the Pre s id e n t  s tated i n  a l e t te r  t o  t h e  S e c r e t ary 
of the I n te r ior that he had been impre s s e d  by the contr i b u t i o n  made 
through g ov e r nme n t/ i n d u s t ry cooperat ion to the s uc c e s s  o f  the Wor l d  
W a r  I I  p e t ro l e um prog ram . He f e l t  t h a t  i t  wo u l d  b e  bene f i c i a l  i f  
th i s  c lo s e  r e l a t ions h i p  were to be cont i n ued and s ug g e s t ed tha t the 
Se cre tary o f  the I n te r ior e s tab l i s h  an i nd u s t ry org an i z a t i o n  to ad
v i s e  the Secretary on o i l and nat ural g a s  m a t t er s . 

P u r s u a n t  to th i s  reque s t ,  I n t e r ior S e c r e t a r y  J .  A .  Kr ug e s tab
l i s hed the Na t i o n a l  Pe tro l e um Co unc i l  ( N PC ) on  J u ne 1 8 ,  1 9 4 6 .  I n  
Oc tobe r 1 9 7 7 ,  the Depar tmen t  o f  Energy w a s  e s tabl i s hed a nd the 
Co un c i l ' s  f u n c t i o n s  we re tran s ferred to the new d epar tmen t . 

T h e  purpo s e  o f  the N PC i s  s o l e l y  to adv i se , i n form , a nd make 
recomme nd at ions to the Secre tary of Energy on a n y  mat te r , reque s ted 
by h im ,  r e l a t i ng to pe tro l e um or the pe tro l e um i nd us tr y . Th e Co un
c i l i s  s ub j ec t  to the prov i s ions o f  the Fed e r a l  Adv i sory Comm i t t e e  
Ac t o f  1 9 7 2 . 

M a t t e r s  wh i c h  the S e c r e t ary o f  En ergy wo u l d  l i ke to h a v e  con
s id e red by the Co unc i l  are s ubmi t ted a s  a reque s t  i n  the fo rm o f  a 
l e tt e r  o u t l i n i ng the nature and scope o f  the s tud y . T h e  reque s t  i s  
then re f erred t o  t h e  N PC Age nd a  Comm i t te e , wh i c h  make s a recomme n
d at ion to the Co unc i l . The Counc i l  r e s e r v e s  the r ig h t  to d e c id e  
whe th e r  o r  not i t  w i l l  con s ider a n y  ma t t e r  re ferred to i t . 

E x ampl e s  o f  rece n t maj or s t ud i e s  und e r taken by the N P C  a t  the 
reque s t  o f  the De par tment of the I n te r ior and the De par tm e n t  of 
E n e rgy i n c l ud e : 

• P e tro l e um R e s o u r c e s  Under the O c e a n  F loor ( 1 9 6 9 ,  1 9 7 1 ) 
Law o f  the S e a  ( 1 9 7 3 ) 
Ocean P e t ro l e um Resource s ( 1 9 7 4 ,  1 9 7 5 ) 

• E n v i ronmen t a l  C o n s e rv a t ion -- T h e  O i l  and G a s  I nd us tr ie s  
( 1 9 7 1 , 1 9 7 2 ) 

• U . S .  E n e rgy O u t l ook ( 1 9 7 1 , 1 9 7 2 ) 

• Emerg e n cy P repared n e s s  for I n t e r r up t ion o f  P e trol e um I mpo r t s  
i n to the U n i ted S ta t e s  ( 1 9 7 3 ,  1 9 7 4 ) 

• P e t ro l e um S torage for N a t ional S e c ur i ty ( 1 9 7 5 ) 

• P o te n t i al for E ne rgy Con s e rv a t ion i n  the U n i ted S ta te s : 
1 9 7 4 - 1 9 7 8  ( 1 9 7 4 ) 
Poten t i a l  for E ne rgy Con s e rv a t ion i n  the U n i ted S ta t e s : 
1 9 7 9 - 1 9 8 5  ( 1 9 7 5 ) 

• E nhanced O i l  Recovery ( 1 9 7 6 ) 
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• Mater i a l s  and Manpowe r Requ i reme n t s  ( 1 9 7 9 ) 

• P e t ro l e um S torage & T ran spor tat ion C apa c i t i e s  ( 1 9 7 9 ) .  

Th e NPC d o e s  not conce rn i ts e l f w i th trade prac t i c e s , nor does 
it e ngag e  i n  a n y  of  the u s ual trade a s soc i a t ion ac t iv i t i e s . 

Members of  the Nat iona l Pe trole um Co unc i l  are appo i n t e d  by the 
Se cretary o f  E n e rgy and repr e s e n t  all s egme n t s  of p e t ro l e um i n te r
e s t s . The N PC i s  h e ad e d  by a Cha i rman a nd a V i c e  Ch a i rman who are 
e l e c ted by the Counc i l . Th e Co unc i l  is s upported e n t i re l y  by v ol
untary contr i b u t ions from i t s  member s .  
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NATI ONAL PETROLEUM COUNC I L  
M EMBERS H I P  

J ack H .  Abe r n a thy 
V i ce Cha i rman 
E n te x , I n c . 

J a ck M .  Al l e n , Pr e s id e n t  
Alpar Re sourc e s ,  Inc . 

Robe r t  o .  And e r son 
Ch a i rman of the Board 
A t l an t i c  R i ch f i e l d  Compa ny 

R .  E .  Ba i l ey 
Ch a i rman a nd 

Ch i e f  Exe c u t ive O f f i ce r  
Conoco I n c . 

R .  F .  Baue r 
Cha i rman o f  t he Board 
G l obal Mar i ne I n c . 

Robe r t  A . Be l fe r ,  P r e s ide n t  
Be l c o  Pe tro l e um Cor porat i o n  

Harol d  E .  Be rg 
Ch a irm a n  of the Board and 

Ch ie f E xe c u t ive O f f i ce r  
Ge t ty O i l  Company 

John F .  Booko u t  
Pre s id e n t  and 

Ch i e f E x e c u t ive O f f i c e r  
She l l  O i l  Company 

W .  J .  Bowe n 
Ch a i rman o f  the Board 

and Pre s id e n t  
Transco Compa n i e s  I nc . 

Howa rd Boyd 
Cha i rman of the 

E x e c u t ive Commi t tee 
The E l  Pa so Compa ny 

I .  Jon Brum l ey 
Pre s id e n t  and 

Ch i e f E x e c u t ive Of f i c e r  
So u th l a nd Roya l t y  Company 
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Th eodore A .  B ur t i s  
Ch a i rman , Pre s id e n t  and 

Ch i e f E xe cu t iv e  O f f i c e r  
S u n  Company , I nc . 

Jame s ,  C .  C a l away , Pre s i d e n t  
Sou thwe s t  M i ne r a l s , I n c . 

John A .  C a rve r ,  J r . 
D i r e c tor o f  the Na t ur a l  

Re sou r c e s  Program 
Col l eg e  o f  Law 
Un ive r s i ty of De nve r 

C .  Fred C h ambe r s , P r e s id e n t  
C & K Pe t ro l e um ,  I n c . 

Col l i s  P .  Cha nd l e r , J r . 
Pre s id e n t  
Cha nd l e r  & As soc i a te s ,  In c . 

E .  H .  C l a rk ,  Jr . 
Cha i rman o f  the Bo ard 
Pre s i d e nt a nd 

Ch i e f  E x e cu t iv e  O f f i c e r  
Bake r I n te r n a t io n a l  

Edw i n  L .  Cox 
O i l  a nd Ga s Prod u c e r  

Roy rr . Dur s t  
Con s ul t i n g  Eng i ne e r 

Jame s w .  Emi son , Pre s id e n t  
We s te r n  P e t ro l e um Company 

J ame s H .  Eva n s , Ch a i rman 
Un i o n  Pac i f i c  Corpo r a t i o n  

John E .  Fahe r ty , Pre s id e n t  
Crown O i l  a nd C h em i c al Company 

Fr ank E .  F i tz s immo n s  
Gene r a l  Pre s id e n t 
I n te r n a t i o n a l  Brothe rhood 

o f  Te ams t e r s  



John S .  Fos te r , Jr . 
V i c e  Pre s id e n t  
Sc ience a n d  Te c h n o l og y 
TRW I n c . 

R .  I .  Ga l l and 
Cha i rman of the Board 
Ame r i c an P e t r o f i n a , I n corpo ra ted 

c .  C .  Garv i n , J r . 
Cha i rman o f  the Boa rd 
Exxon Corpo r a t ion 

Jame s F .  G a ry 
Cha i rman a nd 

Ch i e f  E x e c u t ive O f f i c e r  
Pac i f i c  Re source s ,  I n c . 

Me l v i n  H .  Ge r t z , Pre s id e n t  
Guam O i l  & Re f i n i ng Company , I n c . 

R i ch ard J .  Gon z a l e z  

Robe rt F .  Go s s ,  P r e s id e n t  
O i l , Ch emi c a l  a n d  Atomic Wo rke r s  

I n ternat ional Un ion 

F .  D.  Got twa l d , Jr . 
Ch i e f  Ex e c u t ive Of f i ce r , 

Ch a i rman o f  the Board a nd 
Cha i rman o f  Exe c u t i ve Commi t te e  

Et hyl Corpo r a t ion 

Dav id B .  Graham 
Deputy Ge n e r a l  Couns e l  
Ve l s i col C h em i c a l  C o rpo r a t i o n  

Maur i c e  F .  Granv i l l e 
Cha i rman o f  the Board 
Te xaco I n c . 

Fred e r i c  c .  Ham i l to n , P r e s id e n t  
Hami l ton Bro t h e r s  O i l  Compa ny 

Armand H amme r 
Ch a i rma n o f  t h e  Board and 

Ch i e f  Exe c u t ive Of f i c e r  
Oc c id e n tal Pe t ro l e um C o rpo r a t ioJ 

Jake L. Hamon 
O i l  and Ga s Prod uce r  

Joh n P .  Ha rb i n  
Cha i rma n o f  the Board a nd 

Ch i e f  Exe c u t ive O f f i ce r  
Ha l l i bur ton Company 

A- 5 

Fred L .  Ha r tl e y  
Ch a i rma n  a n d  Pre s id e n t  
Un i o n  O i l  Compa ny o f  C a l i forn i a  

John D .  Ha un , Pre s id e n t  
Ame r i c a n  As so c i a t i o n  

o f  Pe t ro l e um Geo l o g i s t s  
cjo G e o l ogy De p a r tme n t  
Col o r ad o  School o f  M i ne s 

De n i s  H a ye s 
E x e c u t ive D i re c tor 
So l a r  Ene rgy Re s e a rc h  I n s t i t u t e  

H .  J .  H a yne s 
Cha i rm a n  o f  t h e  Bo a rd 
S tand a r d  O i l  Compa ny 

of C a l i forn i a  

Rob e r t  A .  He f n e r I I I  
M a n ag i ng Pa r t n e r  
GHK C ompa ny 

Ro b e r t  R .  He r r i ng 
Cha i rma n o f  the Boa rd a n d  

Ch i e f  E x e cu t iv e  O f f i ce r  
Hous to n Na t ur a l  Gas Corpora t ion 

Leo n He s s  
Cha i rm a n  o f  t h e  Board a n d  

Ch i e f Exe cu t i v e  O f f i c e r  
Ame rada He s s  Corpo r a t ion 

Ru th J .  H i n e r f e l d , P r e s id e n t  
Le a g ue o f  Wome n Vo t e r s  

o f  t h e  U n i te d  S t a t e s  

H .  D .  Hoopma n 
Pre s id e n t  a n d  

Ch i e f  E x e cu t iv e  O f f i c e r  
Mar a t ho n  O i l  Company 

Ma ry H ud so n , Pre s id e n t  
Hud son O i l  Company 

Prof e s sor He nry D .  J a c o by 
D i re c to r , C e n t e r  fo r Energy 

Po l i cy Re s e a r c h  
Mas s a c h u s e t t s  I n s t i t u t e  

o f  Te c h n o l ogy 

Joh n A .  K a ne b ,  P r e s id e n t  
Nor th e a s t Pe t ro l e um 

I nd u s t r i e s ,  I n c . 



Jame s L .  Ke te l s e n  
Ch a i rm a n  a nd 

Ch i e f  Exe c u t ive Of f i c e r  
Tenneco I n c . 

Thom a s  L .  K imba l l  
E x e c u t ive V i c e  Pre s id e n t  
N a t ional W i l d l i fe Federat ion 

George F .  K i rby 
Cha i rman o f  the Board 
Tex a s  Ea s t e r n  

Tra n smi s s ion Co rpor a t i o n  

Joh n T .  Kl i nke f u s , Pre s id e n t  
Be rwe l l  E nergy , I n c . 

C h ar l e s  G .  Koch 
Cha i rman a nd 

Ch i e f  E x e c u t ive O f f i ce r  
Koch I nd u s tr i e s ,  I n c . 

John H .  L i c h tb l a u  
E xe c u t ive D i rector 
Pe t ro l e um I ndu s t ry 

Re s e arch Founda t ion , I n c . 

Je rry McAfee 
Cha i rman o f  the Board 
G u l f O i l  Corpo r a t ion 

P a u l  W .  Ma cAvoy 
The M i l ton Ste i nb a c h  Pro fe s sor o f  

Orga n i z a t ion a n d  Manag eme n t  
a n d  Econom i c s  

The Y a l e  S c hool o f  Orga n i z a t ion 
and Man ag eme n t  

Yale Un ive r s i ty 

Pe ter MacDonald , Ch a i rman 
Counc i l  o f  Ene rgy Re sourc e Tr ibe s  

D .  A .  McGe e , Cha i rman 
Ke rr-McGe e Corpo r a t ion 

John G .  McMi l l i an 
Cha i rman a nd 

Ch i e f E x e c u t ive O f f i c e r  
Northwe s t  Al a s ka n  

P ipe l i ne Company 

C a ry M .  Mag u i re ,  Pre s id e n t  
Magu i r e  O i l  Compa ny 
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C . E . Ma r s h  , I I 
Pr e s id e n t  
Ma l l ar d  O i l  & Gas Company 

W.  F .  Mar t i n  
Ch a i rm a n  o f  t he Board 
Ph i l l i p s  Pe tro l e um Company 

Dav id C .  Mas s e l l i 
E n e rgy Po l i cy D i r e c to r  
Fr i e n d s  o f  t h e  E a r t h  

F .  R .  Maye r 
Ch a i rm a n  o f  the Board 
Exe t e r  Compa ny 

C .  John M i l l e r , Par tne r 
M i l le r  Bro t h e r s  

Jame s R .  Mo f f e t t ,  P r e s i d e n t  
McMoRan Explora t ion Company 

Ke nne th E .  Mon t a g u e  
Imme d i a t e  Pa s t  C h a i rman 

o f  the Boa rd 
GCO M i ne r a l s  Company 

Je f f  Mo n tg ome ry 
Cha i rman of the Boa r d  
K i rby Explora t io n  Company 

R .  J .  Mo ra n , Pre s id e n t  
Mo ran Bro s . ,  I n c . 

Rob e r t  Mo sbach e r  

C .  H .  Murphy , Jr . 
Ch a i rman o f  the Bo ard 
Murphy O i l  Corpora t io n  

John H .  Murre l l  
Ch i e f E x e c u t iv e  O f f i c e r  a nd 

Cha i rman o f  E x e c u t ive Comm i ttee 
DeGo lye r a nd M a cN a ug h ton 

I r a s. Nord l i ch t  
Bo l t zmann , W i s e  & Sh epard 

R .  L .  O ' Sh i e l d s  
Cha i rman and 

Ch i e f  E x e cu t iv e  O f f i c e r  
Panhand l e  E a s t e rn 

P i pe L i ne Company 



Joh n G .  Ph i l l ips 
Ch a i rman of  the Board and 

Ch i e f  Exe cut ive Of f i ce r  
The Lou i s iana Land 

& Explora t ion Compa ny 

T .  Boone P i cke n s ,  Jr . 
Pre s id e n t  
Me s a  Pe tro l e um Compa ny 

L .  Frank P i t t s ,  Owner 
P i t t s  O i l  Company 

Rosemary S .  Poo l e r  
Cha i rwoman a nd 

E xe c u t ive D i re c tor 
New Yo rk State 

Con s umer Pro t e c t ion Board 

Do nald B .  R i ce , Pr e s id e n t  
Rand Corporation 

Corb i n  J .  Robe r t son 
Cha i rman of  the Board 
Qu intana Pe tro l e um Corporat ion 

Jame s C . Ros apepe , Pre s id e n t  
Rosapepe , Fuch s & As soc i a tes 

H e nry A .  Ros e nberg , Jr . 
Cha i rman o f  the Board and 

Ch i e f  E x e c u t ive O f f i ce r  
Crown Cen t r a l  Petro l e um 

Co rpo r a t ion 

Ned C . Ru s so 
Con s ul ta n t  o f  P ub l i c  Re l a t ions 
S t ab i l - Dr i l l  Spec i a l t i e s , I n c . 

Robe r t  v .  Se l l e r s  
Cha i rman o f  the Boa rd 
C i t i e s  S e rv i c e  Company 

Robe rt E .  Seymour 
Cha i rman o f  the Board 
Conso l ida ted Na tural Ga s Company 

J .  J .  S immo n s , Jr . 
Pre s id e n t  
S immo ns Royal ty Company 

Theodore S nyd e r , J r . 
Pre s id e n t  
S i erra C l ub 
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Char l e s  E .  Spahr 

Joh n  E .  Swe a r i ng e n  
Ch a i rma n o f  t h e  Board 
Standard O i l  Company ( I nd i a n a ) 

Robe r t  E . Thoma s 
Ch a i rman o f  the Board 
MAPCO I n c . 

H .  A .  True , J r . 
Partner 
True O i l  Compan y  

Ma r t i n  Ward , Pre s id e n t  
Un i ted As so c i a t ion o f  Jour neyme n 

and Appre n t i c e s  o f  the 
P l umb i ng a nd P i pe F i t t i ng 
Ind u s t ry o f  t h e  Un i te d  S ta te s 
a nd C a nada 

Rawl e ig h  Warne r ,  Jr . 
Ch a i rman o f  the Boa r d  
Mo b i l  Corpo r a t ion 

J .  N .  Wa r r e n  
Cha i rman o f  t h e  Board 
Go l d ru s Dr i l l i ng Co . 

Joh n  F .  Wa rre n  
I nd e pe nd e n t  O i l  Ope r a to r/ Prod uce r 

Le e C . Wh i t e  
Found i ng Pre s id e n t  
Cons ume r Ene rgy Coun c i l  

o f  Ame r i c a  

Al ton w .  Wh i te hou s e , Jr . 
Cha i rman o f  the Bo ard and 

Ch ie f E x e c u t iv e  O f f i c e r  
T h e  S t a n d a r d  O i l  Company ( Oh i o ) 

Jo s eph H .  W i l l i ams 
Ch a i rm a n  of the Board a nd 

Ch ie f E x e c u t i v e  O f f i c e r  
T h e  W i l l i am s  Compan i e s  

Robe r t  E .  Y a n c ey , Pr e s i d e n t  
As h l an d  O i l , I n c . 



APPENDIX B 

Study Group Rosters 



NAT I ONAL PETROLEUM COUNC I L  

COAL S EAMS TASK GROUP 
OF THE 

COMM I TTEE ON 
UNCONVENT IONAL GAS SOURC E S  

CHAI RMAN 

W i l l i am N .  Pound s tone 
Ex e c u t ive Vice Pre s id e n t  -

Eng i ne e r i ng 
Con sol id a t ion Coa l  Compa ny 

AS S I STANT TO THE CHAI RMAN 

Kenne th E .  Novak , Econom i s t  
Coord i na t i ng and Pl ann i ng 

Depar tme n t  
Conoco I n c . 

Al v i n  Ab rams , Pre s id e n t  
Geos e ar c h , Inc . 

Maur i c e  De ul 
Re search S u pe rv i sor 
u . s. Bure au o f  M i n e s 

Dr . Ab Flowe r s , D i re c tor 
Gas S uppl y Re search 
Gas  Re search I n s t i t u te 

Amz i G .  Gos s ard 
General Manag e r  
Unde rgro und Ope ra t i o n s  
Kerr-McGee Corpor a t ion 

Dr . Jame s v .  Mahoney * 
Sen ior Re search E ng i ne e r  

* 

Coal M i n ing Proce s s ing D iv i s ion 
Un i ted S t a t e s  S te e l  Corporat ion 

* 

GOVERNMENT COCHA I RMAN 

Troyt York 
O f f i c e  o f  O il and tJa t ural Ga s 

S uppl y a nd Dev e l opme n t  
u. s. Dep a r tment o f  E n e r g y  

S ECRETARY 

Pe ter J .  Cove r ,  Con s ul ta n t  
N a t ional Pe trol e um C o u n c il  

* 

R i ch a rd M .  Orr , Manag e r  
Re s o u r c e s  and Mate r i al s 
CNG E n e rgy Company 

H a rvey s. P r i c e  
Sen ior V i c e  Pre s id e n t  
I n tercomp Re so u r c e  Devel opme n t  

& Eng i nee r i ng , I n c . 

Ar i e  M .  Ve r r i p s  
Ex e cu t ive D i re c tor 
Ame r i ca n  P ub l i c  Gas As soc i a t ion 

Dr . H il ma r  A .  von S c ho n fe l d t 
Manag e r  
Coal M i n i ng Re s e a rc h  
Oc c id e n tal Re s e a rch Corpora t i on 

S P E C I AL AS S I STANTS 

Ben H .  Da ud , Ma nag e r  
Con sol idat ion Coal o f  Au s tral i a  

* Repl aced Joh n  A .  Wa l l ace 
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Raymo nd R .  Gol l i  
A s s i s t a n t  Man ag e r  o f  Re sources & 

Mate r i al 
CNG Ene rgy Company 



Raymond L .  Ma z za 
Se n ior S t a f f  Eng i n e e r  
Conoco I n c . 

John c .  Sharer 
As s i s t a n t D i re c tor 
Un conve n t ional N a t u r a l  
Gas Re s e a r c h  In s t i t u t e  

G a s  
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Edwa rd R .  Ta l on 
D i re c tor o f  Ga s Dev e l opme n t 
I n te r c omp Re sou r c e s  Deve l opme n t  & 

Eng i ne e r i ng , I n c . 



NATI ONAL PETROLEUM COUNC I L  

COMMI TT E E  ON 
UNCONVENTIONAL GAS SOURC E S  

CHAI RMAN 

John F .  Booko u t , Pr e s id e n t  
and Ch ie f Ex e c ut ive Of f i cer 

Shel l O i l  Company 

EX OFF I C I O  

C .  H .  Murphy , Jr . 
Cha irman 
Na t ional Pe trol e um Counc il 

GOVERNMENT COCHA I RMAN 

R .  Dob i e  L a ng e nkamp 
Dep u ty As s i s ta n t  Secre tary 
Re sour ce Devel opme n t  a nd 

Oper a t i o n s  
Re sour ce Appl i c at ions 
u . s .  Depar tme n t  o f  Energy 

E X  OFF I C IO 

H .  J .  Hayne s 
V i c e  C h a i rman 
Na t ional Pe trol e um C ounc i l  

S ECRETARY 

Mar s hal l W .  N i chol s 
Ex e c u t ive D i r e c tor 
Na t i onal Pe trol e um C o un c i l  

R .  E .  Ba il ey 
Cha irman a nd 

Ch ie f Exe cut i ve O f f i cer 
Conoco I n c . 

Rober t A .  Bel fer , Pre s id e n t  
Bel co Pe trol e um Cor por a t ion 

Howard Boyd 
Cha irman of the Ex e c ut ive 

Commi ttee 
The El Paso Company 

John A .  Carver , Jr . 
Dir e c tor of  the Na t ur al 

Re so ur c e s  Pr ogr am 
Col l ege o f  Law 
Un iver s i ty of De nver 

Col l i s  P .  Chand l er , Jr . 
Pre s ide n t  
Chandl er & As so c i ate s , I n c . 

* * 
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Edward W .  Er i ckson 
Pr of e s sor of E c onom i c s  a nd 

Bus ine s s  
North C arol i na S t a te U n ive r s i ty 

John s . Fos ter , Jr . 
V i c e  Pr e s id e n t  
S c i e n ce a nd Te c hnol ogy 
TRW I n c . 

Freder i c  C .  Hamil ton , Pr e s i d e n t  
Hami l ton Br o t h e r s  O i l  Company 

Joh n D .  H a u n , Pre s id e n t  
Amer i ca n  As soc i a t i o n  o f  Pe trol e um 

Geol og i s t s  
cjo Geol og y  Depar tme n t  
Col orado S ch ool o f  M i n e s  

De n i s  H aye s 
Ex e c ut i ve Dir e c tor 
Sol ar E nergy Re s e a r ch I n s t i t u te 

Ro be r t  A . He fner I I I  
Man ag i ng Par tner 
GHK Compa ny 



Rob e r t  R .  H e r r i n g  
Cha i rman o f  the Board a n d  

Ch i e f E xe c u t ive O f f i c e r  
Hou s to n  N a t u r a l  G a s  Corpo r a t i o n  

H .  D .  Hoopman 
Pre s i d e n t  and 

Ch i e f E x e c u t ive O f f i c e r  
Mara thon O i l  C ompa ny 

Georg e  F .  K i rby 
Cha i rma n of the Board 
T e x a s  E a s te rn T r a n sm i s s i o n  C o rp . 

F l oyd W .  Lew i s  
Cha i rman a n d  

Ch i e f E xe c u t iv e  O f f i c e r  
M id d l e  S o u t h  Ut i l i t i e s ,  I nc . 

Pa ul w .  MacAv oy 
The M i l to n  S te i nbach P ro f e s so r  o f  

Organ i za t ion a n d  Man ageme n t  
and E c onomi cs 

The Yale S choo l o f  Orga n i za t i o n  
and Ma nageme n t  

Y a l e  Un i v e r s i ty 

W .  C .  McCord 
Ch a i rma n and Pre s i d e n t  
E n s e r c h  Corpora t i o n  

C a ry M .  Mag u i re , Pre s id e n t  
Mag u i re O i l  Company 
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C .  E .  Ma r s h , I I 
Pre s id e n t  
Ma l l a rd O i l  & G a s  C ompany 

W .  F .  Ma r t i n  
Cha i rman o f  the Boa rd 
Ph i l l i p s  P e tr o l eum C ompa ny 

Joh n G .  Ph i l l i ps 
Cha i rman o f  t h e  B o a rd a n d  

Ch i e f E x e c u t ive Of f i ce r  
The Lou i s i an a  Land & E x pl o r a t i o n  

Company 

Robe r t  E .  S eymour 
Cha i rman of t h e  E x e cu t iv e  

C ommi t te e  
Conso l i d a t e d  N a t ur a l  Ga s C ompany 

E l v i s J .  S t a h r  
S e n i or Cou n s e l o r  
N a t i o n a l  Aud ubon Soc i e t y  

W .  A .  S t r a u s s 
C h a i rma n o f  t he Board a nd 

Ch i e f Po l i cy Of f i c e r 
I n terNor th , I n c . 

S te p h e n  A .  Wake f i e l d  
Bake r & Bo t t s  

Le e C .  Wh i t e  
Found i ng P r e s i d e n t  
Cons ume r  E n e rgy Coun c i l  of Ame r i c a  



NATI ONAL PETROLEUM COUNC I L  

COORDI NATI NG SUBCOMM I TT E E  
O F  THE 

COMM I TT E E  ON 
UNCONVENT I ONAL GAS SOURC E S  

CHAI RMAN 

R i ch ard F .  Ne l son 
Gener al Man ag e r  Na t ur al Ga s 
S h e l l  O i l  Company 

ASS I STANT TO CHAI RMAN 

Char l e s  S .  Ma t thews 
Cons ul t i ng Pe trol e um Eng i neer 
She l l  Oil Company 

C .  Ovid Baker , Manager 
E & P Re search Pl a n n i ng 
Mob i l  Re sear ch & Deve l opme n t  

Corpor a t ion 

Joh n L .  Moor e 

* 

Ch i e f Pr od uc t i on E ng i neer 
Con sol i d a t ed Na t ur a l  Gas Serv ice 

Company 
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GOVERNMENT COCHAI RMAN 

Luc io D ' An d r e a  
Dire c tor o f  Na t ur al Ga s 

D i v i s ion 
Of f i ce of Oil & Na t ur al Ga s 

S uppl y Dev e l opme n t  
U . S .  De par tme n t  o f  Energy 

S EC RETARY 

Joh n H .  Guy , I V  
D i r e c tor , Commi t tee Oper a t ions 
Na t ional Pe trol e um C o un c il  

* 

W il l i am N .  Po un d s tone 
Ex e c u t ive V i c e  Pr e s id e n t  -

E ng i neer i ng 
Consol i d a t ion Coal Comp any 

Thoma s W .  S t oy , Jr . 
V i c e  Pr e s ide n t  
O i l a nd Gas D iv i s i o n  
Un i o n  O i l  Compa ny o f  Cal i for n i a  



APPENDIX C 

Gas Content Data 
on 

Bituminous Coals 
(Considered in this Report) 



TABLE C - 1  

I n - P lace Gas Con t e n t  o f  Coal 

Coal B ed/ Depth Gas Cont e n t  
Re f er en c e  i n  

Locat i on ( f t )  cm3 /g f t3 j to n  Appendix I 

Beck l ey 9 9 1  1 3 . 0  4 1 6  3 
8 7 6  1 4 . 0  4 4 8  3 
8 3 0  1 5 . 0  4 8 0  3 
7 4 2  1 4 . 0  4 4 8  3 

Hartshorne 1 , 4 8 0 1 6 . 0  5 1 2  3 
1 , 2 9 5  1 8 . 0 5 7 6  3 

5 7 1  1 2 . 0  3 8 4  3 
5 5 3  1 3 . 0  4 1 6  3 
4 8 8  1 1 . 0  3 5 2  3 
2 5 2  5 . 0  1 6 0  3 

New Cas t l e  2 , 1 3 7  1 7 . 0  5 4 4  3 
Pocahon tas No . 3 2 , 1 1 0  1 4 . 0  4 4 8  3 

2 , 0 3 8  1 7 . 0  5 4 4  3 
1 , 7 3 6 1 1 . 0  3 5 2  3 
1 , 6 2 1  1 2 . 0  3 8 4  3 
1 , 5 8 8  1 6 . 0  5 1 2  3 
1 , 5 2 9  1 5 . 0  4 8 0 3 

7 6 1  9 .  0 2 8 8  3 
Pratt 1 , 3 6 5  1 5 . 0  4 8 0 3 
Mary Lee 2 , 1 8 5  1 6 . 0  5 1 2  3 

1 , 7 0 6  1 2 . 0  3 8 4  3 
1 , 7 0 3  1 4 . 0  4 4 8  3 
1 , 7 0 0  1 3 . 0  4 1 6  3 
1 , 0 9 9  1 4 . 0  4 4 8  3 

P i t tsburgh 8 5 0  7 . 0  2 2 4  3 
7 7 1  6 . 0  1 9 2  3 
6 7 6  5 . 0  1 6 0  3 
4 2 7  3 . 0  9 6  3 
3 1 2  2 . 0  6 4  3 

Reds tone 7 4 7  4 . 0  1 2 8  3 
Sewe l l  6 7 9 9 . 0  2 8 8  3 
S ew i c k l ey 6 7 5  5 . 0  1 6 0  3 
Waynesburg 4 0 2 3 . 0  9 6  3 
S ub le tt e  C ty .  , WY 3 , 4 8 0 1 0 . 5  3 3 6  4 

3 , 5 0 0  1 3 . 0  4 1 6  4 
3 , 5 1 2  1 1 . 9  3 8 1  4 

Mesa Verde C t y . I co 3 , 9 3 0 1 . 6  5 1  4 
4 , 6 6 0  7 . 2 2 3 0 4 
4 , 7 2 0  8 .  7 2 7 8  4 

P i tt sburgh C ty . , OK 1 ,  9 0 3  4 . 1  1 3 0  4 
2 , 1 2 9  6 . 6  2 1 1  4 
2 , 7 2 5  2 . 3  7 3  4 

Rio B l anco C ty . , co 6 8 5  1 . 0  3 1  4 
6 9 8  . 6 2 0  4 
7 5 9  . 8 2 5  4 
7 9 1  . 4 1 4  4 
7 7 4  . 8 2 5  4 
8 0 2  . 7 2 3  4 
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TABLE C- 1 ( Continued ) 

Coa l  Bed/ Depth 
Gas Cont e n t  

Re f e r en c e  i n  
Loc at ion ( f t )  cm3 /g f t3 j to n  Appendix I 

Rio B lanco C ty . , co 8 0 5  . 6 2 0  4 
8 2 7  . 9 2 8  4 

1 , 5 8 5  . 6 1 8  4 
1 , 6 0 3  . 5 1 6  4 

C lay C ty . , I L  9 9 3  . 9 2 8  4 
9 9 4  . 9 2 8  4 
9 9 4  . 5 1 6  4 

1 , 0 3 4 . 6 1 8  4 
1 , 0 3 5 . 2 8 4 
1 , 0 7 5  . 4 1 4  4 
1 , 0 9 0  . 8 2 6  4 
1 , 3 5 2  1 . 2  4 0  4 

Wes tmore l and C ty . , PA 1 8 8  . 4 1 2  5 
2 4 0  . 7 2 1  5 
3 2 5  . 8 2 6  5 
3 8 5  1 . 7  5 3  5 
4 3 5  . 7 2 3  5 
4 6 0  . 9 2 8  5 
4 8 0 2 . 0  6 3  5 
5 2 0  1 . 0  3 1  5 
5 5 0  1 . 5 4 7  5 
5 9 0  1 . 4 4 6  5 
6 2 0  1 . 8 5 9  5 
6 3 0 3 . 2  1 0 4  5 
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APPENDIX D 

Gas Content Data 
on 

Bituminous Coals 
(Additional Data Obtained 

from the 
U. S. Bureau of Mines) 



TABLE D- 1 

Gas Content D a t a  Obtai ned from the U . S .  Bureau o f  M i ne s 

S amp l e  Tot a l  Gas 
Depth Cont e n t  

Coal Bed County and S t a t e  �u_ ( cm3 /g ) 

Alma Mingo , We s t  Virg i n i a  7 5 3  . 3 
II II 8 1 9  1 . 5  
II II 8 5 5  1 . 2  
II II  8 6 9  . 4 
II II 9 3 4  1 . 3  
II II 9 6 3  . 3 
II II 9 9 6  . 8 
II II 1 , 0 2 9  1 . 1  
II II 1 , 0 5 9  3 . 4  

A Seam Emery , Utah 3 8 8  . 1  
B a l d  Kno l l  Gar f i e l d , Utah 2 7 3 . 4 
Bear Canyon Eme ry ,  Utah 9 7 9  . 1  
Beckley Ra l e i g h , We s t  V i r g i n i a  5 5 8  . 3 

II II 5 8 8  4 . 8  
II II 6 5 3  5 . 6  
II II 6 5 5  1 1 . 5  
II II 7 4 0  1 3 . 7  
II II 8 3 0 1 5 . 4  
II II  8 5 0  9 . 6  
II II 8 5 2  1 2 . 4  
II II 8 7 5  1 4 . 1  
II II 9 9 0  1 2 . 6  
II  II 1 , 1 9 8  1 0 . 5  
II II 1 , 2 0 0  1 1 . 6  

Brookvi l l e  Al l e gheny , Pennsylva n i a  1 , 0 1 3  2 . 2  
II  II 1 , 0 2 0  2 . 5  

C a s tlegate Emery , Utah 1 2 9  1 . 2  
I I  II  1 6 0  1 . 1  
II II 1 7 0  1 . 3  
II II 3 0 0 2 . 1  
II Carbon , Utah 1 , 0 1 6  4 . 7  
II Emery , Utah 1 , 2 4 8  . 7 
II Carbon , Utah 1 , 4 3 0  1 . 6  
II  II 1 , 6 4 5  . 2 
II II 1 , 9 5 2  . 5 
II " 2 , 1 7 0  7 . 8  
II II 2 , 1 8 6  2 . 5  
II II  2 , 2 2 1  . 4 

Cedar Grove ( Lower ) Mingo , We s t  Vi rginia 6 8 2  . 2 
II II 7 0 4  2 . 0  
II II  8 1 9  . 6 
II II 8 3 3  1 . 0  
II II  8 4 2  1 . 3  
II II  8 5 1  . 2 
II II 8 7 8  1 . 3  
II II 9 3 6 • 2 
II II 9 4 3  . 3 
II II 9 9 3  1 . 0  
II II 1 , 0 3 7  3 . 5  
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Coal B e d  

C la r i on 
I I  

" 

Coalburg 
Emery 
E lkorn 
F l at Canyon 
Freeport ( Upper )  

" 

" 

" 

" 

II 

II 

I I  

Fru i t l and 
" 

Gibson 
H arts horne ( Lowe r )  

I I  

" 

" 

" 

" 

" 

I I  

" 

" 

" 

" 

" 

" 

" 

H ar t s horne ( Uppe r )  
H i awatha 

" 

II 

" 

I l l i no i s  No . 5 
" 

" 

I l l ino i s  No . 6 
" 

II 

I nd i ana No . 3 
II 

Indiana No . 6 
I nd i ana No . 7 

TABLE D - 1  ( Continu e d ) 

S amp l e  T o t a l  G a s  
Depth Conte n t  

County and State ( ft )  ( cm 3 /g ) 

B arbour , We s t  V i r g i n i a 8 1 8  5 .  2 
" 8 2 1  3 . 5  

Al legh eny , Pennsy lvan i a  9 6 6  2 .  5 
�1i ngo , We s t  Virg i n i a  5 0 6  . 1  
G a r f i e ld , U tah 2 7 3  . 4 
P i k e , Kentucky 4 0 0  2 . 0  
Eme ry , U tah 1 , 3 6 7  . 3 
Wes tmore land , Pennsylvan i a  5 9 8  3 . 4  
A l l eg heny , Pennsy lvani a  6 0 3  1 . 9  
Greene , Pennsy lvani a 7 0 4  . 3 

II 7 0 6  1 . 6 
I I  8 9 2  3 . 9  
" 9 3 6 4 .  8 
I I  1 , 0 5 8  7 . 6  
I I  1 , 0 7 1 3 .  4 

S an Juan , New Mex i co 1 , 4 7 5  4 . 2  
I I  1 , 4 8 5  3 . 9  

Emery , U t ah 2 , 3 3 9  1 . 3 
LeF lore , Oklahoma 1 7 5  2 . 6  

2 5 2  5 . 7  
3 1 3  9 .  4 
3 5 6  1 0 . 4  
4 8 8  1 0 . 8  
4 8 9 1 0 . 6  
5 1 6  1 1 . 5  
5 5 3  1 3 . 3  
5 5 6  1 0 . 7  

II 5 6 1  1 1 . 1  
II  5 7 1  1 1 . 6  
II  8 9 2  1 6 . 2  

H a s ke l l , Okl ahoma 1 , 2 9 5  1 7 . 5  
II  1 , 4 3 9 1 6 . 7  
II 1 , 4 4 0 1 5 . 4  
II  8 2 2  1 5 . 1  

Emery , U tah 3 5 6  . 1  
" 4 4 8  1 . 1  
II  6 1 6  1 . 5  
I I  8 7 2  . 1 

Je f f erson , I l l i no i s  7 9  3 1 . 0  
Wayne , I l l i no i s  1 , 0 1 0 3 . 7  

II  1 , 0 6 6  2 . 7  
J e f f e r s on , I l l i n o i s  7 3 3  1 . 9 
Wayne , I l l i no i s  9 0 0  1 . 9  

II  9 6 9  3 . 4  
II  1 , 2 8 7  2 . 0  
I I  1 , 2 9 0  3 . 1  

Knox , I ndi ana 3 4 0  2 .  8 
II 3 6 0  1 . 7  
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Coa l  B e d  

I vi e  ( Upper )  
II 

Keni lworth 
II 

K i ttanni ng ( Uppe r )  
II 

II 

II ( M i dd l e )  
II 

II 

TABLE D-1 ( Conti nued ) 

County and S t a t e  

Emery , U tah 
II 

II 

II  

Barbour , We s t  Virg i n i a  
Al l e gh eny , Pennsy lvan i a  
Buckhannon , Wes t  V i r gi n i a  
Upshur , We s t  V i rg i n i a  

II 

II 

S ampl e  
Depth 
( ft )  

8 1  
2 7 5  
2 4 5  

Ki ttanning ( Lower )  Arms trong , Pennsy lvan i a  

2 , 4 4 8  
7 0 6  
8 3 4  
8 3 8  
9 0 8  
9 0 9  
9 1 1  
3 2 3  
3 2 4  
3 2 5  
3 2 6  
6 2 1  
8 0 1  

II II  

II 

II 

II  

II 

II 

Mary Lee ( UB )  
II  

II  

II 

Mary Lee ( LB )  
II  

II  

II 

II 

II 

II 

II  

Mene fee 
II 

Mercer 
New C a s t l e  
P each Moun t a i n  

II 

P i t t sburgh 
II 

II  

II 

II 

P i ttsburgh 

II 

II 

I n d i ana , Pe nnsy lvan i a  
B arbour , We s t  V ir g i n i a  
Wes tmore l and , P e nnsy lvani a  
Wa lker , A l abama 

II  

J e f f erson , Alabama 
Tuscaloo s a , Alabama 
Je f f erson , Al abama 

II 

Tusca loo s a , Alabama 
I I  

II 

II 

II 

II 

L aP l a t a , Co lorado 
II 

A l legheny , Pennsy lvan i a  
Tusca loos a , A l ab ama 
S ch uy lki l l , Pennsy lvan i a  

II 

Greene , Pennsy lvan i a  
Was h i ng ton , Pennsy lv an i a  
Greene , P ennsy lvan i a  

II  

II 

II 

Mar ion , Wes t  Virg in i a  
II  

II  

Wet ze l , We s t  V i rg i n i a  
II 

II 
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1 , 0 5 7  
6 3 9 
7 2 1  

1 , 0 8 4  
1 , 7 0 0  
1 , 0 8 6 
1 , 0 9 9  
1 , 7 0 4  
1 , 7 0 5  
1 , 7 0 6  
1 , 9 1 0 
1 , 9 2 9  
2 , 1 8 5  

2 9 5  
3 1 0  

1 , 1 0 3  
2 , 1 3 7  

6 8 4  
6 8 6  
3 1 3  
4 2 7  
6 7 5  
6 8 0  
7 7 0  
7 7 9  
8 4 8  
8 5 0  
8 5 0 

1 , 1 4 7  
1 , 2 6 0  
1 , 2 6 7  

Total Gas 
Content 
( cm3 jg ) 

. 1 

. 1 
1 . 3  

1 1 . 1  
2 . 7  
2 . 4  
1 . 3 
2 . 4  
2 . 4  
2 . 3  

. 4 
• 4 
. 7 
• 6 
. 8 

1 . 4 
1 1 . 2  

2 .  8 
1 . 0  
6 .  8 

1 2 . 2  
2 3 . 1  
1 3 . 3  
1 4 . 6  
1 1 . 0  
1 1 . 6  

9 . 2  
1 5 . 7  
1 7 . 4  

• 2 
• 3 

1 . 1  
1 7 . 5  

8 . 4  
7 . 4  
1 . 6  
3 . 7  
4 . 0  
6 . 5  
5 . 9  
5 . 6  
4 . 7  
6 . 5  
7 . 0  
3 . 2  
3 . 4 



Coal B e d  

P i t t sburgh 
II 

P i ttsburgh ( Ri de r )  
II  

II  

Pocahon tas No . 3 
II 

II 

II  

II  

It 

" 
It 

II 

II 

" 
It 

II  

It  

It  

II  

It  

II 

" 

Pond Creek 
It 

II  

P r a t t  
Reds tone 

I t  

TABLE D- 1 ( Cont inued ) 

County and S t a t e  

Greene , Pennsy lvan i a  
I I  

Marion , Wes t  Vi rg i n i a  
We t z e l , We s t  Virg i n i a  
Greene , Pennsy lva n i a  
Wyoming , We s t  Virg i n i a  

II  

Buchanan , V i r g i n i a  

II 

It 

It  

It  

It  

II  

II 

It  

P ike , Kentucky 
Mart i n , Kentucky 
P ike , Kentucky 
Tusca loosa , A l ab ama 
Monong a l i a , We s t  V i rg i n i a  

It  

" Mar ion , We s t  Virgi n i a  
" Wet ze l , We s t  Virg i n i a  

Rock C anyon ( Uppe� Emery , U tah 
Rock C anyon ( Lowe� 11 

Sewe l l  Ra l e i g h , We s t  V i rg i n i a  
II  

" 

S ewi c k l ey 

II 

Braxton , We s t  Virgi n i a  
Monong a l i a , We s t  V i r g i n i a  
Wash i n gton , P ennsy lvan i a  
Greene , Pennsy lvan i a  
Monong a l i a , Wes t Virg i n i a  

II  

Marion , We s t  Virg i n i a  
II  

Mononga l i a , Wes t  V i r g i n i a  
Wet ze l , Wes t  V i r g i n i a  
Mononga l i a , We s t  Virg i n i a  
Greene , Pennsylvan i a  

" 
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S amp l e  
Depth 
( ft )  

1 , 2 7 3  
1 , 2 7 6  

8 3 9 
1 , 1 3 1  
1 , 2 7 2  

7 7 8  
9 3 0  

1 , 3 1 6 
1 , 4 3 0 
1 , 5 1 8  
1 , 5 2 8  
1 , 5 5 1  
1 , 5 5 4  
1 , 5 8 9 
1 , 6 2 1  
1 , 6 2 1  
1 , 7 3 7  
1 , 7 6 4  
1 , 8 4 5  
1 , 9 9 9  
2 , 0 2 2 
2 , 0 3 6  
2 , 1 0 8  
2 , 1 4 3  

1 2 5  
4 0 0  
5 0 0  

1 , 3 6 5  
7 3 6  
7 4 4  
8 3 6  

1 , 0 9 9  
2 , 3 3 9 
2 , 3 5 2  

6 8 0  
7 0 0 
9 8 1  

6 0  
4 4 9  
6 6 9  
6 7 0  
6 7 5  
7 4 0  
7 4 0  
8 2 3  

1 , 0 3 9 
1 , 1 4 5  
1 , 1 7 6  
1 , 1 8 2  

Tot a l  Gas 
Content 
( cm3 jg ) 

6 . 0  
6 . 9  
1 . 3  
1 . 0  
6 . 8  
8 . 9  

1 0 . 0  
1 2 . 1  
1 3 . 6  
1 4 . 5  
1 4 . 9  
1 7 . 3  
1 6 . 6  
1 6 . 3  
1 1 . 5  
1 2 . 2  
1 1 . 1  
1 7 . 8 
1 0 . 9  
1 5 . 8  
1 6 . 4  
1 7 . 5  
1 3 . 8  
1 0 . 4  

2 . 0  
2 . 2  
1 . 2  

1 5 . 1  
3 . 9  
4 . 1  
2 . 4  

. 8 
2 . 7  
5 . 4  
9 . 3  
4 . 1  
2 . 7  

• 7 
1 . 2  
2 . 5  
4 . 6  
4 . 7  
1 . 6  
2 . 1  
1 . 5  
1 . 1  
1 . 2  
4 . 2  
2 . 4  



Coa l  Bed 

Sew i c k l ey 
Smi rl 

" 

S unny s ide ( Lowe r )  
T unne l  

" 

" 

Verme j o  
" 

Wadge 
" 

" 

Wayne sburg 

Wo l f  Creek 
" 

TABLE D- 1 ( Continued ) 

County and S t a t e  

Greene , Pennsy lvan i a  
Gar f i e ld , U tah 
Kane , U tah 
Emery , U tah 
S ch uy lki l l , Penn s y l v an i a  

" 

" 

H u e r f ano , Colorado 
" 

Routt ,  Colorado 
" 

" 

Monong a l i a ,  We s t  V i r g i n i a  
" 

Greene , Pennsy lvan i a  
" 

" 

" 

" 

" 

Rout t , Colorado 
" 

D - 5  

S amp l e  Tot a l  Gas 
Depth Content 
( ft )  ( cm3 /g ) 

1 , 5 9 1  4 . 2  
4 4 2  . 1  
7 5 2  . 1 

1 , 7 9 8  4 . 6  
6 0 2  1 4 . 1  
6 0 4  1 2 . 6  
6 0 6  1 8 . 5  
1 1 1  . 1  
1 5 5  . 2 
3 3 5  . 3 

1 , 2 8 4  0 
1 , 3 9 3  . 1  

4 0 0  2 . 8  
4 0 2  2 .  7 
4 5 8  3 .  8 
9 7 1  3 . 1 
9 7 3  4 . 5  

1 , 2 3 1  3 . 5 
1 , 5 5 3  4 . 1  
1 , 6 6 7  2 . 7 

4 8 8  0 
1 ., 1 2  3 . 2 



APPENDIX E 

Gas Content 
of 

Non-Bituminous Coals 



GAS CONTENT OF NON-BI TUM I NOUS COALS 

It h a s  been s hown t h a t  the me thane con t e n t  of b i t um i n o u s  coa l s  
i s  a f un c t ion o f  mo i s t ur e  conte n t . l 

Vd/Vw = C0m + l 

where Vd & Vw are the vol ume s ( cm3 ( STP ) /g m )  o f  me t hane ad s o rbed 
in  d ry and mo i s t  coal , respe c t ive ly ;  c0 = emp i r i c a l l y  d e te rm i n e d  
constant = 0 . 3 1 for b i t um i nous coals ; a nd m = mo i s ture conten t  o f  
t h e  c o a l  i n  w t  % .  Th u s , f o r  b i t umi nous coa l s , the equa t i on become s 

Vw l 
= 

Vd l + 0 . 3 lm 

A r e c e n t  ( J une 1 9 7 9 ) s c a n  of ex i s t i ng USGS d a t a2 i nd i c a ted the 
fo l l ow i ng me an mo i s t ure conte n t s  for var i ou s  r a nk s  of  coa l s : 

Rank 

B i t um i nous 
S ub b i tuminous 
L i g n i te 

Mean Mo i s tu re C o n t e n t  ( wt % )  

4 . 5 3 
1 6 . 0 1  
3 7 . 6 4 

The gas content o f  d ry b i t uminous coa l wo uld t h e n  become 2 . 4  t ime s 
the quan t i ty c o n ta i ned a t  a mo i s ture conten t  of  4 . 5 3 p e r c e n t .  I t  i s  
recogn i zed that a l t hough t h i s  emp i r i c a l  re l a t ion s h i p  i s  for b i t um i 
nou s coals , the e x te n s io n  of  i ts appl i c a t ion to non- b i tum i nous c o a l s  
probab ly re pre s e n t s  the mos t  log i c a l  approac h  to d e te rm i n i ng the i r  
g a s  conte n t .  The re s ul t i ng g a s  conten t  of  s ub b i t um i nou s coal a nd 
l ig n i te then become s 1 6 . 8  a nd 7 . 9  pe rce n t , r e s pe c t i ve ly , o f  t h a t  fo r 
dry b i tum i nous coals . 

lE t t i ng e r , I .  L . ; L i d i n ,  G .  D . ; Dmi t r i ev , A .  M . ; and 
Zhupakh i n a , E .  A . , " Sy s tema t i c Hand book for the De te rm i na t ion o f  the 
Me thane Content of  Coal S e ams from the S e am Pre s s ure of  the G a s  and 
the Me thane Capac i ty of t h e  Coal , "  Mo s c ow , 1 9 5 8 ;  N a t i o n a l  Coa l  Board 
Transl a t ion No . 1 6 0 6/ S E H . 

2Personal commun i ca t ion from Ton i  Me d l i n ,  u.s. Dep t .  o f  I n t . , 
J une 2 8 ,  1 9 7 9 .  
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I n  s umma ry , i f  the g a s  content o f  we t b i tum i no u s  coa l s  i s  2 0 0  
f t3jton ( 6 . 2 5 cm3jg m ) , a s  agreed upon by the s t udy par t i c ipan t s , 
the s ubb i t um i no u s  coal and l ig n i te wo u l d  conta i n  8 0  a nd 3 8  c ub i c  
feet per ton , r e s pe c t i v e l y . 

D i s c u s s i on o f  these vol ume s , along w i th the g e ne r a l  agre eme n t  
w i th a s i ng l e  va l ue fo r l e s s e r  rank coal s s uppl i e d  b y  an independent 
c o n s ul t i ng f i rm ,  re s ul ted in agre eme n t  on the gas content o f  coal 
for the purpo s e  o f  th i s  s t ud y as fo l l ows : 

Rank 

B i tum i no u s  
S ubb i t umi n o u s  
L ig n i te 

f t 3jton 

2 0 0  
8 0  
4 0  

E - 2  

( cm3jgm ) 

6 . 2 5 
2 . 5 0 
1 . 2 5 
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Capital Costs 



1 

2 

3 

4 

5 

6 

7 

8 

TABLE F- 1 

Ver t i c a l  We l l s  Proj e c t  -- E s t imat e d  C ap i t a l  
I nve s tme n t  f o r  a 3 , 0 0 0 -Foo t , 1 0  MCF/D We l l  

( Ba s e  C a se ) 
( Cons tan t 1 9 7 9  Dol l ar s ) 

Co s t  Categor i es 

L e a s e , R . O . W .  Locat ion 

Dri l l , C a s e , Cement 

Frac ( 1 5 0 0  BBL ) 

We l l  H e a d  Compr . 

Wa t e r  D i spos a l  

Wat e r  L i n e s , P umps 

G a s  L i n e s  ( I n t e rn a l )  

Power L i ne s  ( I n t e rn a l )  

Subtot a l  

Cont i ng ency ( 1 0 % )  

Overhead ( 1 0 % ) * 

T o t a l  ( Ba s e  C a s e ) 

P e r- We l l  Co s t s  
( Thous ands o f  Dol l ar s )  

Tang ib l e  I n t an g i b l e  

1 3 . 8  

1 3 . 7  5 4 . 6  

2 7 . 8  

7 . 9  4 .  5 

4 . 0  1 6 . 4  

2 1 . 6  2 . 2  

7 .  5 1 7 . 5  

4 .  3 2 . 5  

5 9 . 0  1 3 9 . 3  

5 . 9  1 3 . 9  

2 1 . 8  

6 4 . 9  1 7 5 . 0  

*Overhe ad c a l c ul a ted as 1 0 %  o f  the s umma t ion o f  tang i b l e  
co s t s , i n t ang ible c o s ts , and the i r respe c t ive cont ingency c o s t s . 
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1 

2 

3 

4 

5 

6 

7 

8 

TABLE F - 2  

Ver t i c a l  We l l s  P roj e c t  - - E s t imated C ap i t a l  
I nv e s tmen t  for a 3 , 0 0 0 -Foot , 2 5  MCF/D Wel l  

( Ba s e  C a s e) 
( Con s ta n t  1 9 7 9  Dol l ar s ) 

Cos t  C a t e gor i e s  

L e a s e , R . O . W .  Loc a t i on 

Dri l l , C a s e , Cement 

Frac ( 1 5 0 0  BBL ) 

We l l  H e ad Compr . 

Wa t e r  Di spo s a l  

Water L i n e s , Pumps 

G a s  L i n e s  ( I n t e rn a l )  

Power L i n e s  ( I n t erna l )  

S u b to t a l  

Con t i ng ency ( 1 0 % )  

Overhead ( 1 0 % ) * 

T o t a l  ( B ase C a s e ) 

P e r -We l l  C o s t s  
( Thous ands o f  D o l lars ) 

Tang1ble I ntang1ble 

1 3 . 8  

1 3 . 7  5 4 . 6  

2 7 . 8  

1 2 . 4  4 . 5  

4 . 0  1 6 . 4  

2 1 . 6  2 .  2 

8 . 8 2 0 . 6 

8 . 2  3 . 0  

6 8 . 7  1 4 2 . 9  

6 . 9  1 4 . 3  

2 3 . 3  

7 5 . 6  1 8 0 . 5  

*Overhead c a l c ul ated as  1 0 %  o f  the s umma t ion o f  t ang i ble 
costs , i n tang i b l e  c o s t s , and the i r  re spe c t ive con t i ng e n c y  cos t s . 
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1 

2 

3 

4 

5 

6 

7 

8 

TABLE F- 3 

Ver t i c a l  We l l s  Proj e c t  - - Es tima t e d  Capit a l  
I n v e s tment for a 3 , 0 0 0 -Foo t , 5 0  MCF/D We l l  

( Ba s e  C a s e ) 
( Cons t a n t  1 9 7 9  Dol l ar s ) 

Cos t C a t e gor i es 

L e a s e , R . O . W . Locat ion 

Dr i l l , C a s e , C emen t  

F r a c  ( 1 5 0 0  B B L )  

We l l  H e a d  Compr . 

Water Di spos a l  

W a t e r  Line s , P umps 

G a s  L i n e s  ( I n terna l )  

Power L i n e s  ( I n tern a l )  

Subtotal  

Con t i n g e n cy ( 1 0 % )  

Overhead ( 1 0 % ) * 

Tot a l  ( Ba s e  C a s e ) 

Per-We l l  Co s t s  
( Thou s a n d s  o f  Dol l ar s ) 

Tan g ib le I n tang i b l e  

1 3 . 7  

1 7 . 6  

4 . 0  

2 1 . 6 

1 0 . 0  

1 3 . 9  

8 0 . 8  

8 . 1  

8 8 . 9  

1 3 . 8  

5 4 . 6  

2 7 . 8  

4 .  5 

1 6 . 4  

2 .  2 

2 3 . 4  

3 . 5 

1 4 6 . 2  

1 4 . 6  

2 5 . 0  

1 8 5 . 8 

*overhe ad c a l c u l a ted as 1 0 %  of the s umma t ion of t a ng i b l e  

costs , i n t ang ible c o s t s , a n d  the ir respe c t ive con t ing e n c y  c o s t s . 

F - 3  



1 

2 

3 

4 

5 

6 

7 

8 

TABLE F - 4  

Ver t i c a l  Wel l s  Pro j e c t  - - E s t imat e d  C ap i t a l  
I nv e s tme n t  f o r  a 3 , 0 0 0 -Foot , 7 5  MCF/D We l l  

( Ba s e  C a se ) 
( Cons t a n t  1 9 7 9  Dol l ar s ) 

C o s t  C a t e gor i e s  

L e as e , R . O . W .  Loc a t i on 

Dr i l l , C a s e , Cement 

F r a c  ( 1 5 0 0  B B L ) 

We l l  H e a d  Compr . 

W a t e r  D i spo s a l  

Wa t e r  L i n e s , P umps 

Gas L i n e s  ( I n t e rn a l )  

Power L i nes ( I ntern a l )  

Subtot a l  

Con t i n g e n cy ( 1 0 % )  

Overhead ( 1 0 % ) * 

T o t a l ( Ba s e  Cas e )  

P e r - We l l  C o s t s  
( Th o us ands o f  Do l la r s )  

Tangi b l e  I nt a n g i b l e  

1 3 . 8 

1 3 . 7  5 4 . 6  

2 7 . 8  

2 1 . 5  4 .  5 

4 .  0 1 6 . 4  

2 1 . 6 2 .  2 

1 0 . 8  2 5 . 1  

1 9 . 1  3 .  9 

9 0 . 7  1 4 8 . 3  

9 . 1  1 4 . 8  

2 6 . 3  

9 9 . 8  1 8 9 . 4  

*Ove rh e ad c a l c u l ated as  1 0 %  o f  the s ummat ion o f  t a ng i b l e  
cos t s , i n t a ng i b l e  cos t s , and the i r  re s pe c t ive con t i ng e n c y  cos t s . 

F - 4  



1 

2 

3 

4 

5 

6 

7 

8 

TABLE F - 5  

Ver t i c a l  We l l s  P ro j e c t  - - E s t imat e d  C ap i ta l  
I nv e s tmen t  for a 3 , 0 0 0 -Foot , 1 0 0  MCF/D We l l  

( B as e  C a se ) 
( Co n s t a n t  1 9 7 9  Dol l a r s )  

Co s t  C a t e gori e s  

L e a s e , R . O . W .  Loc a t i on 

Dri l l , C a s e , Cement 

Frac ( 1 5 0 0  BBL ) 

We l l  Head C ompr . 

Water D i spo s a l  

W a t e r  L i n e s , P umps 

G a s  L i ne s  ( I ntern a l )  

Power L i ne s  ( I nt erna l ) 

S ub to t a l 

C o n t i ngency ( 1 0 % )  

Overhead ( 1 0 % ) * 

T o t a l  ( Ba s e  C a s e ) 

P er-We l l  C o s t s  
( Thousands o f  Do l l ar s )  

Tangi b l e  I nt a ngi b l e  

1 3 . 8 

1 3 . 7  5 4 . 6  

2 7 . 8 

2 4 . 9  4 .  5 

4 . 0  1 6 . 4  

2 1 . 6  2 .  2 

1 1 . 4  2 6 . 5  

2 4 . 1  4 .  3 

9 9 . 7  1 5 0 . 1  

1 0 . 0  1 5 . 0  

2 7 . 5  

1 0 9 . 7  1 9 2 . 6  

*Ove rhe ad c a l c ula ted as 1 0 %  o f  the s umma t ion o f  tang i p l e  
costs , in tang i b l e  c o s t s , a n d  the i r respe c t ive con t i ng e n c y  cos ts . 

F- 5 



1 

2 

3 

4 

5 

6 

7 

8 

TABLE F - 6  

Ver t i c a l  We l l s  Proj e c t  - - E s t imat e d  C ap i t a l  
I nve s tmen t f o r  a 3 , 0 0 0 -F oo t , 1 5 0  MCF/D W e l l  

( Ba s e  C a s e )  
( Constant 1 9 7 9 Dol lar s )  

Cos t  Categori e s  

L e as e , R . O . W . Locat ion 

Dri l l , C a s e , C ement 

F r ac ( 1 5 0 0  BBL ) 

We ll  H e a d  Compr . 

Water D i spo s a l  

Water L i ne s , P umps 

Gas L i n e s  ( I n t e rn a l ) 

Power L i n e s  ( I nt erna l )  

S ub t o t a l 

Conti ng ency ( 1 0 % )  

Ove rhead ( 1 0 % ) * 

T o t a l  ( Ba s e  Case ) 

P e r - We l l  Cos t s  
( Thous an d s  o f  Dol lars )  

Tanglb l e  I nt ang i b l e  

1 3 . 7  

3 0 . 5  

4 . 0  

2 1 . 6  

l 2 · 2 

3 3 . 7  

1 1 5 . 7  

1 1 . 6  

1 2 7 . 3  

1 3 . 8 

5 4 . 6  

2 7 . 8 

4 .  5 

1 6 . 4  

2 . 2  

2 8 - 5  

5 . 0  

1 5 2 . 8  

1 5 . 3 

2 9 . 5  

1 9 7 . 6  

* Ove rhead c a l c u l ated a s  1 0 % o f  the s ummat ion o f  t ang ible 
cos t s , in tang ible c o s t s , and the i r  re s pe c t ive cont i ng e n c y  cos ts . 

F - 6  



1 

2 

3 

4 

TABLE F - 7  

Vert i c a l  We l l s  Proj e c t  - - E s timated Capi t a l  
I nve s tmen t f o r  a 1 0  MCF/D We l l  Pro j e c t  

( Add-on I t ems ) 
( Cons tant 1 9 7 9  Dol l ar s ) 

Cos t  Categor i e s  

Compr e s s or ( Centra l )  

S cr ubber 

T r unk L i ne 

( 5  Mi l e s ) 

P r imary Power 

( 1 0 , 0 0 0  f t . ) 

Subtotal 

Con t i ng e n cy ( 1 0 % )  

Overhead ( 1 0 % ) * 

T o t a l  

P er-Pro j ec t  Co s t s  
( Thou s an d s  o f  Dol l ar s ) 

Tang ib l e  I ntang ib l e  

8 7 . 7  5 . 0  

1 3 0 . 0  1 2 5 . 0 

6 6 . 0  1 5 0 . 2  

6 0 . 0  2 0 . 0  

3 4 3 . 7  3 0 0 . 2  

3 4 . 4  3 0 . 0  

7 0 . 8  

3 7 8 . 1  4 0 1 . 0  

*Overhe ad c a l c ula ted as 1 0 %  o f  the s umma t ion o f  tang ib l e  
costs , in tang ible c o s t s , and the i r  respe c t ive con t i ng ency c o s t s . 

F - 7 



1 

2 

3 

4 

TABLE F- 8 

Ver t i c a l  We l l s  Pro j e c t  - - E s t imated C ap i t a l  
I nv e s tme n t  f o r  a 2 5  MCF/D We l l  P ro j e c t  

(Add-on I t ems ) 
( Cons tant 1 9 7 9  Dol l ar s ) 

Co s t  C a t e go r i e s  

Compr e s s or ( Centra l )  

S crubber 

Trunk L i ne 

( 5  M i les ) 

P r imary Power 

( 1 0 , 0 0 0  f t . ) 

S ubtot a l  

Cont i ng ency ( 1 0 % )  

Ove rh e ad ( 1 0 % ) * 

T o t a l  

P e r - P ro j e c t  Cos t s  
( Thou s an d s  o f  D o l l ar s ) 

Tangib l e  I nt a n g i b l e  

1 1 5 . 0  5 . 0  

2 1 9 . 5  1 4 2 . 0  

8 5 . 8  1 5 2 . 6  

6 0 . 0  2 0 . 0  

4 8 0 . 3  3 1 9 . 6  

4 8 . 0  3 2 . 0  

8 8 . 0 

5 2 8 . 3  4 3 9 . 6  

* Ov erhead c a l c u l ated as 1 0 % o f  the s umma t ion o f  tang ible 
c o s t s , i n tang i b l e  c o s t s , and the ir respe c t ive con t i ng e n c y  cos ts . 

F- 8 



1 

2 

3 

4 

TABLE F-9 

Ver t i c al Wel ls Pro j e c t  -- E s t im a t ed Cap i t a l  
Inve s tmen t  f o r  a 5 0  MCF/D We l l  Pro j e c t  

( Add-on I t ems ) 
( Cons tant 1 9 7 9 Dol l ars ) 

Cost Cagegor i e s  

Compr e s s or ( Centra l )  

S crubber 

Trunk L i ne 

( 5  M i l e s ) 

P r imary Power 

( 1 0 , 0 0 0  f t . ) 

Subtotal 

Con t i ng ency ( 1 0 % )  

Overhead ( 1 0 % ) * 

T o t a l  

Per-Pro j e c t  Co s t s  
( Thous ands o f  Do l l ar s ) 

Tan g ib le I n t ang ib l e  

1 5 4 . 0  5 . 0  

3 4 0 . 0  1 6 0 . 0  

8 5 . 8  1 5 2 . 6  

6 0 . 0  2 0 . 0  

6 3 9 . 8  3 3 7 . 6  

6 4 . 0  3 3 . 8  

1 0 7 . 5  

7 0 3 . 8 4 7 8 . 9  

� *overhe ad c a l c ulated as 1 0 %  of the s ummat ion o f  t a ng i b l e  
cos ts , in tang i b l e  c o s t s , and the ir respe c t iv e  con t i ng ency c o s t s . 

F - 9  



1 

2 

3 

4 

TABLE F- 1 0  

Ver t i c a l  Wel l s  Pro j e c t  - - E s t imated Cap i t a l  
Inve s tmen t  f o r  a 7 5  MCF/D We l l  Pro j e c t  

( Add-on I tems ) 
( Cons tant 1 9 7 9  Dol l ar s )  

Cos t  Categor i e s  

Compre s s or ( Ce n t ra l )  

S cr ubber 

Trunk L i n e  

( 5  M i le s )  

P r imary Power 

( 1 0 , 0 0 0  f t . ) 

S ub t o t a l  

Con t inge n cy ( 1 0 % )  

Overhead ( 1 0 % ) * 

T o t a l  

P e r -P ro j e c t  Cos t s  
( Thousands o f  Dol l ars ) 

Tan g i b l e  I ntan g ib l e  

1 7 7 . 2  5 . 0  

4 0 0 . 0  1 9 0 . 0  

8 5 . 8  1 5 2 . 6  

6 0 . 0  2 0 . 0  

7 2 3 . 0  3 6 7 . 6  

7 2 . 3  3 6 . 8  

1 2 0 . 0  

7 9 5 . 3 5 2 4 . 4  

* Ove rhead c a l c u l ated as 1 0 %  o f  the s umma t ion o f  tang i b l e  
c o s t s , i n tang ible cos t s , and the i r  re spe c t ive c on t i ngency cos ts . 

F - 1 0 



1 

2 

3 

4 

Tab l e  F- 1 1  

Vert i c a l  We l ls Pro j e c t  - - Es timated Capit a l  
I n ve s tment for a 1 0 0  MCF/D We l l  Pro j e c t  

( Add- on I t ems ) 
( Con s tant 1 9 7 9  Dol l ar s ) 

Cos t Categor i e s  

C ompres s or ( Centra l )  

S c rubber 

T r unk L i ne 

( 5  M i l e s ) 

Primary Power 

( 1 0 , 0 0 0  f t . ) 

S ubto t a l  

Cont ingency ( 1 0 % )  

Overhead ( 1 0 % ) * 

Tot a l  

P er- P ro j e c t  Cos t s  
( Thousands o f  Do l la r s ) 

Tan g ib l e  I nt a ng ib l e  

1 9 6 . 3 5 . 0  

5 2 7 . 9  1 8 0 . 3  

1 0 5 . 6  1 8 4 . 8  

6 0 . 0  2 0 . 0  

8 8 9 . 8  3 9 0 . 1  

8 9 . 0  3 9 . 0  

1 4 0 . 8  

9 7 8 . 8 5 6 9 . 9  

* Overhead c a l c u l ated as  1 0 %  o f  the s umma t ion o f  tang ible 
cos t s , intang ible c o s t s , and the ir re spec t ive cont ingency cos ts . 

F - 1 1  



1 

2 

3 

4 

TABLE F- 1 2  

Ver t i c a l  Wel l s  Pro j e c t  - - E s t imat e d  Cap i t a l  
I nve s tmen t  f or a 1 5 0  MCF/D We l l  Proj e c t  

{ Add-on I t ems ) 
{ Cons tant 1 9 7 9  Dol l ar s ) 

C o s t  C a t e go r i e s  

C ompre s s or { Ce n t ra l )  

S crubber 

T runk L in e  

( 5  M i le s ) 

P r imary Power 

( 1 0 , 0 0 0  f t . )  

S u b t o t a l  

Con t i ng e n cy ( 1 0 % )  

Overhead ( 1 0 % ) * 

T o t a l  

P er-Pro j e c t  Co s t s  
( Th o u s ands o f  Dol la r s ) 

Tan g ib l e  I n t an g i b l e  

2 2 7 . 0  5 . 0 

6 2 0 . 0  2 1 4 . 1  

1 0 5 . 6  1 8 4 . 8  

6 0 . 0  2 0 . 0  

1 0 1 2 . 6  4 2 3 . 9  

1 0 1 . 3  4 2 . 4  

1 5 8 . 0  

1 1 1 3 . 9  6 2 4 . 3  

*ove r h e ad c a l c ul a ted as 1 0 %  o f  the s umma t i on o f  tang ibl e 
c o s t s , i n tang ible c o s t s , and the i r  re spe c t iv e  con t i ngency c o s ts . 

F - 1 2  



APPENDIX G 

Operating Costs 



A 

TABLE G- 1 

Verti c a l  We l l s  Pro j e c t  - - E s t imated 
Ope r a t i n g  Co s t s  for a 3 , 0 0 0 -Foo t , 1 0  MCF/D Wel l  

( Cons tant 1 9 7 9  Dol l ar s ) 

Ope ratin g  Cos t s  

BASE CASE : 

1 . 

2 .  

P e r  We l l  Cos ts : 

( i )  

( i i )  

Per 

( i )  

( i i )  

Power 

Ma inten an ce 

Overhead ( 2 0 % )  

Tot a l  

Proj e c t  Costs : * 

L abor -

2 4 0 days @ $ 8 0 /day 

5 0  day s @ $ 1 2 0 /day 

3 6  day s @ $ 1 6 0 /day 

Other Cos ts -

2 Trucks - 5 0  mi les/day ; 
3 0 ¢ /mi le ; 

3 5 0  day s/y e a r  = $ 1 0 , 5 0 0  

L e a s ing cos ts - 2 Truck s  = 

Mi s c e l laneous Too l s  = 

Road Maintenance 

Overhead ( 2 0 % )  

Tota l 

= 

4 , 0 0 0  

7 5 0 

3 , 0 0 0  

Dol la r s  
P e r  Y e a r  

1 0 4 3 . 0  

1 4 0 0 . 0  

4 8 8 . 6  

2 9 3 1 . 6  

3 1 0 0 0 . 0  

1 8 2 5 0 . 0  

9 8 5 0 . 0  

5 9 1 0 0 . 0  

B ADD- ONS : 

1 .  Central  Compre s sor Maintenance 

2 .  S crubber - Maintenance 

3 .  S cr ubber - G l y c o l  

Overh ead ( 2 0 % )  

Tota l 

9 6 5 0 . 0  

1 4 3 0 0 . 0  

1 1 6 8 . 0  

5 0 2 3 . 6  

3 0 1 4 1 . 6  

* S e e  E s t imat ion o f  Costs and DCF Ana l y s i s  s e ct i o n s  o f  
Chapter F ive . 

G - 1  



TABLE G- 2 

Ver t i c a l  Wel l s  Pro j e c t  - - E s t imated 
Ope r a ting C o s t s  for a 3 , 0 0 0 -Foo t , 25 MCF/D We l l  

( Cons tant 1 9 7 9  Dol l ar s ) 

Oper a t i n g  Cos t s  

A BASE CAS E : 

1 .  Per We l l  Cos ts : 

( i )  Power 

( i i )  Ma i n tenance 

Overhead ( 2 0 % )  

Total 

2 .  Per Proj e c t  C o s t s : * 

( i )  Labor -

2 4 0  days @ $ 8 0 /day 

5 0  days @ $ 1 2 0 /day 

3 6  days @ $ 1 6 0/day 

( i i )  O t h e r  Cos ts -

2 Trucks - 5 0  mi les/day ; 
3 0 ¢ /mi le ; 

3 5 0  days/year = $ 1 0 , 5 0 0  

Le as i ng c o s t s  - 2 Trucks 4 , 0 0 0  

B ADD-ONS : 

Mi s c e l laneous Too l s  

Road Mai n tenance 

Overh e a d  ( 2 0 % )  

Tota l 

1 .  Central Compre s sor Mai n tenance 

2 .  S crubber - Ma i n tenance 

3 .  S cr ubber - G l y c o l  

Overhead ( 2 0 % )  

Tota l 

= 

= 

7 5 0  

3 , 0 0 0  

Do l l ar s  
Per Year 

1 3 9 1 .  0 

1 9 0 0 . 0  

6 5 8 . 2  

3 9 4 9 . 2  

3 1 0 0 0 . 0  

1 8 2 5 0 . 0  

9 8 5 0 . 0  

5 9 1 0 0 . 0  

1 2 6 5 0 . 0  

2 4 1 4 5 . 0  

2 9 2 0 . 0  

7 9 4 3 . 0  

4 7 6 5 8 . 0  

* S e e  E s t imat i o n  o f  Cos t s  and DCF Anal y s i s  s e ct ions o f  
Chapter F ive . 

G - 2  



TABLE G- 3 

Ver t i c a l  Wel l s  Proj e c t  - - E s ti mated 
Operating C o s t s  for a 3 , 0 0 0 -Foo t , 5 0  MCF/D Wel l  

( Cons tant 1 9 7 9  Dol l ar s ) 

Oper a t i n g  Cos t s  

A BAS E CASE : 

1 .  Per We l l  Cos ts : 

( i )  Power 

( i i )  Ma i ntenance 

Overhead ( 2 0 % )  

T o t a l  

2 .  Per P ro j e c t  Cos ts : * 

( i )  L abor -

2 4 0  days @ $ 8 0 /day 

5 0  day s  @ $ 1 2 0 /day 

3 6  days @ $ 1 6 0 /day 

( i i )  Other Cos t s  -

2 Trucks - 5 0  mi le s/day ; 
3 0 ¢ /m i le ; 

3 5 0  day s/year = $ 1 0 , 5 0 0  

Leas i ng costs - 2 Trucks = 

B ADD-ONS : 

Mi s ce l laneous Tools 

Road M a i n tenance 

Overh e a d  ( 2 0 % )  

Tota l 

1 .  C e n t r a l  Compre s s or Maintenance 

2 .  S crubber - Ma i n tenance 

3 .  S cr ubber - G l y c o l  

Overhead ( 2 0 % )  

T o t a l  

= 
= 

4 , 0 0 0  

7 5 0  

3 , 0 0 0  

Do l l ar s  
Per Year 

1 7 3 9 . 0  

2 5 0 0 . 0  

8 4 7 . 8  

5 0 8 6 . 8  

3 1 0 0 0 . 0  

1 8 2 5 0 . 0  

9 8 5 0 . 0  

5 9 1 0 0 . 0  

1 6 9 4 0 . 0  

3 7 4 0 0 . 0  

5 8 4 0 . 0  

1 2 0 3 6 . 0  

7 2 2 1 6 . 0  

* S e e  E s t ima ti o n  o f  Costs and DCF Ana ly s i s  s e c tions o f  

Chapter F iv e . 

G- 3 



TABLE G- 4 

Ver t i c a l  Wel l s  Pro j e c t  -- E s t imat e d  
Ope r a t i n g  Cos t s  f o r  a 3 , 0 0 0-Foot , 7 5  MCF/D W e l l  

( Cons tant 1 9 7 9  Dol l ar s ) 

Ope r a t ing Cos t s  

A BASE CASE : 

1 .  Per We l l  Cos t s : 

( i )  Power 

( i i )  Ma i n t e n a n ce 

Overhead ( 2 0 % )  

Total 

2 .  Per Proj e c t  Cos ts : * 

( i )  L abor -

2 4 0 days @ $ 8 0 /day 

5 0  day s @ $ 1 2 0 /day 

3 6  day s @ $ 1 6 0 /day 

( i i )  Other Cos t s  -

2 Trucks - 5 0  mi le s/day ; 
3 0 ¢ /mi le ; 

3 5 0  day s/year = $ 1 0 , 5 0 0  

L e a s ing cos ts - 2 Trucks = 

B ADD-ONS : 

Mi s c e l laneous Too l s  

Road M a i ntenance 

Overhead ( 2 0 % )  

Total 

1 .  C e n t r a l  Compre s s or Ma i n te n an c e  

2 .  S c rubb e r  - Ma i n te n an c e  

3 .  S crubber - G l y c o l  

Overhead ( 2 0 % )  

Tota l 

= 

= 

4 , 0 0 0  

7 5 0  

3 , 0 0 0  

Do l la r s  
P e r  Y e a r  

2 0 8 7 . 0  

2 9 0 0 . 0  

9 9 7 . 4 

5 9 8 4 . 4  

3 1 0 0 0 . 0  

1 8 2 5 0 . 0  

9 8 5 0 . 0  

5 9 1 0 0 . 0  

1 9 4 9 2 . 0  

4 4 0 0 0 . 0  

8 7 6 0 . 0  

1 4 4 5 0 . 4  

8 6 7 0 2 . 4  

* S e e  E s t imat io n  o f  C o s t s  and DCF Ana l y s i s  s e ctions o f  
Chapter F ive . 

G - 4  



TABLE G- 5 

Ver t i ca l  We l l s  Proj e c t  - - E s t imat e d  
Operat in g  C o s t s  for a 3 , 0 0 0 -Foot , 1 0 0  MCF/D We l l  

( Cons tant 1 9 7 9  Dol l ar s ) 

Ope r a t i n g  Co s t s  

A BASE CASE : 

1 .  Per We l l  C o s t s : 

( i )  Power 

( i i ) Ma i n t e n ance 

Overhead ( 2 0 % )  

Total 

2 .  Per Proje c t  Cos ts : * 

( i )  L abor -

2 4 0  days @ $ 8 0 /day 

5 0  day s @ $ 1 2 0 /day 

3 6  day s @ $ 1 6 0 /day 

( i i )  Other Cos ts -

2 Trucks - 5 0  mi les/day ; 
3 0 ¢ /mi le ; 

3 5 0 days/year = $ 1 0 , 5 0 0  

L e a s ing cos ts - 2 Trucks = 

B ADD- ONS : 

Mi s ce l laneous Too ls 

Road Maintenance 

Overhead ( 2 0 % )  

Total 

1 .  Central Compre s s or Maintenance 

2 .  S crubber - Ma i ntenance 

3 .  S crubber - Glycol 

Overhe ad ( 2 0 % )  

Tota l 

= 

= 

4 , 0 0 0  

7 5 0  

3 , 0 0 0  

Do l lars 
Per Year 

2 6 0 9 . 0  

3 3 0 0 . 0  

1 1 8 1 . 8  

7 0 9 0 . 8  

3 1 0 0 0 . 0  

1 8 2 5 0 . 0  

9 8 5 0 . 0  

5 9 1 0 0 . 0  

2 1 5 9 3 . 0  

5 8 0 6 9 . 0  

1 1 6 8 0 . 0  

1 8 2 6 8 . 4  

1 0 9 6 1 0 . 4  

* S e e  E s t imat ion o f  Costs and DCF Ana l y s i s  s e c t io n s  o f  
Chapter F ive . 
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TABLE G- 6 

r 

V e r ti c a l  We l l s  Proj e c t  -- E s t imat e d  
Ope r a ti n g  Cos t s  for a 3 , 0 0 0 -Foot , 1 5 0  MCF/D Wel l  

( Cons tant 1 9 7 9  Dol l ar s ) 

Oper a t ing Cos t s  

A BASE CASE : 

1 .  P e r  We l l  Cos t s : 

( i )  Power 

( i i )  Ma i nt enance 

Overhead ( 2 0 % ) 

Tota l 

2 .  Per Pro j e c t  Cos t s : * 

( i )  L abor -

2 4 0  day s @ $ 8 0/day 

5 0  day s @ $ 1 2 0 /day 

3 6  day s @ $ 1 6 0/day 

( i i )  O th e r  Cos ts -

2 Truck s  - 5 0  mi le s/day ; 
3 0 ¢ /m i l e ; 

3 5 0  day s/y e a r  = $ 1 0 , 5 0 0  

L ea sing co s ts - 2 Trucks = 

B ADD-ONS : 

Mi s ce l laneous Too l s  

Road Ma i n tenance 

Overhead ( 2 0 % )  

Total 

1 .  C e n t r a l  Compressor Mai ntenance 

2 .  S crubber - Main tenance 

3 .  S crub b e r  - G l y c o l  

Overhead ( 2 0 % )  

Tota l 

= 
= 

4 , 0 0 0  

7 5 0  

3 , 0 0 0  

Dol l a r s  
Per Y e a r  

3 4 7 9 . 0  

3 9 0 0 . 0  

1 4 7 5 . 8  

8 8 5 4 . 8  

3 1 0 0 0 . 0  

1 8 2 5 0 . 0  

9 8 5 0 . 0 

5 9 1 0 0 . 0  

2 4 9 7 0 . 0  

6 8 2 0 0 . 0  

1 7 5 2 0 . 0  

2 2 1 3 8 . 0  

1 3 2 8 2 8 . 0  

* S e e  E s t imat ion o f  Cos t s  and DCF Anal ys i s  s e c t ions o f  
Chapter F i ve . 
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APPENDIX H 

Yearly Capital 
and 

Operating Costs 



TABLE H - 1  

Ve r t i c a l  We l l s  Proj e c t *  
3 , 0 0 0 -Foot , 1 0  MCF /D We l l  

( Raw G a s  On S 1 t e )  
( Constant 1 97 9  Do l lars ) 

Tang i b l e  I n t a ng i b l e  
Tot a l  I nv e s tment I nv e s tme n t  Operating 

No . We l l s  No . We l l s  Ac t i ve ( Thou s a n d s  ( Thou s a n d s  C o s t s  
Year Dr i l l e d  P l ugge d  We l l s  o f  Dol l ar s )  o f  Do l l a r s  ( $ /MCF ) 

0 1 2  0 7 7 8 . 8 2 1 0 0 . 0  

l 1 0  0 2 0  6 4 9 . 0  1 7 5 0 . 0  l .  7 0  

2 2 0 2 2  1 2 9 . 8  3 5 0 . 0  l .  7 8  

3 2 0 2 4  1 2 9 . 8  3 5 0 . 0  l .  8 7  

4 2 0 2 6  1 2 9 . 8  3 5 0 . 0  l .  9 5  

5 2 0 2 8  1 2 9 . 8  3 5 0 . 0  2 . 0 4 

6 2 0 3 0  1 2 9 . 8  3 5 0 . 0  2 . 1 2 

7 2 0 3 2  1 2 9 . 8  3 5 0 . 0  2 . 2 1 

8 2 0 3 4  1 2 9 . 8  3 5 0 . 0  2 . 2 9 

9 2 0 3 6  1 2 9 . 8 3 5 0 . 0  2 . 3 8 

1 0  2 0 3 8  1 2 9 . 8  3 5 0 . 0  2 . 4 6 

1 1  2 0 4 0  1 2 9 . 8  3 5 0 . 0  2 . 5 5 

1 2  2 0 4 2  1 2 9 . 8  3 5 0 . 0  2 . 6 3 

1 3  8 2 0  3 0  5 1 9 . 2  1 6 4 0 . 0  2 . 1 2 

1 4  2 2 3 0  1 2 9 . 8  3 7 4 . 0  2 . 1 2 

1 5  3 2 3 1  1 9 4 . 7  5 4 9 . 0  2 . 1 7 

1 6  2 2 3 1  1 2 9 . 8  3 7 4 . 0  2 . 1 7 

1 7  3 2 3 2  1 9 4 . 7  5 4 9 . 0  2 . 2 1 

1 8  2 2 3 2  1 2 9 . 8  3 7 4 . 0  2 . 2 1 

1 9  3 2 3 3  1 9 4 . 7  5 4 9 . 0  2 . 2 5 

2 0  2 2 3 3  1 2 9 . 8 3 7 4 . 0  2 . 2 5 

2 1  0 3 3  0 3 9 6 . 0  

* S e e  E s t ima t i on of Co s t s  and DCF Ana ly s i s  s e c t i o n s  o f  
Chapt e r  F ive . 
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TABLE H - 2  

Vert i c a l  We l l s  Pro j e c t *  
3 , 0 0 0 - Foot , 2 5  MCF/D We l l  

( Raw G a s  On S 1 t e ) 
( Co ns tant 1 9 79 Dollars ) 

Tan g ib l e  I n tang i b l e  
Tota l  I nve s tmen t I nv e s tmen t  O p e r a t i n g  

No . We l l s  No . We l l s  Ac t ive ( Thou sands ( Thou s an d s  C o s t s  
Y e a r  Dr i l l e d  P l ugge d  We l l s  o f  Do l l ar s ) o f  Do l l a r s  ( $ /MCF ) 

0 1 2  0 9 0 7 . 2  2 1 6 6 . 0  

1 1 0  0 2 0  7 5 6 . 0  1 8 0 5 . 0  0 . 8 0 

2 2 0 2 2  1 5 1 . 2  3 6 1 . 0  0 . 8 4 

3 2 0 2 4  1 5 1 . 2  3 6 1 . 0  0 . 8 9 

4 2 0 2 6  1 5 1 . 2  3 6 1 . 0  0 . 9 3 

5 2 0 2 8  1 5 1 . 2  3 6 1 . 0  0 . 9 8 

6 2 0 3 0  1 5 1 . 2  3 6 1 . 0  1 .  0 2  

7 2 0 3 2  1 5 1 . 2 3 6 1 . 0  1 .  0 7  

8 2 0 3 4  1 5 1 . 2  3 6 1 . 0  1 . 1 1 

9 2 0 3 6  1 5 1 . 2  3 6 1 . 0  1 . 1 6 

1 0  2 0 3 8  1 5 1 . 2  3 6 1 . 0  1 .  2 0  

1 1  2 0 4 0  1 5 1 . 2  3 6 1 . 0  1 .  2 5  

1 2  2 0 4 2  1 5 1 . 2  3 6 1 . 0  1 .  2 9  

1 3  8 2 0  3 0  6 0 4 . 8  1 6 8 4 . 0  1 .  0 2  

1 4  2 2 3 0  1 5 1 . 2  3 8 5 . 0  1 .  0 2  

1 5  3 2 3 1  2 2 6 . 8  5 6 5 . 5  1 .  0 5  

1 6  2 2 3 1  1 5 1 . 2  3 8 5 . 0  1 .  0 5  

1 7  3 2 3 2  2 2 6 . 8  5 6 5 . 5 1 .  0 7  

1 8  2 2 3 2  1 5 1 . 2  3 8 5 . 0 l .  0 7  

1 9  3 2 3 3  2 2 6 . 8  5 6 5 . 5  l .  0 9  

2 0  2 2 3 3  1 5 1 . 2  3 8 5 . 0  l .  0 9  

2 1  0 3 3  0 3 9 6 . 0  

* S e e  E s t imation o f  C o s t s  and DCF Ana ly s i s  s e c t io n s  o f  
Chapter F ive . 
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TABLE H - 3  

Vert i c a l  We l l s  Pro j e c t *  
3 , 0 0 0 -Foot , 5 0  MCF /D We l l  

( Raw G a s  On S l t e )  
( Constant 1 9 7 9  Do l lars ) 

Tan g i b l e  Intang i b l e  
Total I nve s tment I nv e s tment Oper a t i n g  

No . We l l s  No . We l l s  Ac t ive ( Thou s a n d s  ( Thou s ands c o s t s  
Year D r i l l e d  P l ugged We l l s  o f  Do l l ar s )  o f  Do l l ar s  ( $ /MCF ) 

0 1 2  0 1 0 6 6 . 8  2 2 2 9 . 6  

1 1 0  0 2 0  8 8 9 . 9  1 8 5 8 . 0  0 . 4 6 

2 2 0 2 2  1 7 7 . 8 3 7 1 . 6  0 . 4 9 

3 2 0 2 4  1 7 7 . 8  3 7 1 . 6 0 . 5 2 

4 2 0 2 6  1 7 7 . 8  3 7 1 . 6  0 . 5 5 

5 2 0 2 8  1 7 7 . 8  3 7 1 . 6  0 . 5 8 

6 2 0 3 0  1 7 7 . 8 3 7 1 . 6  0 . 6 1 

7 2 0 3 2  1 7 7 . 8  3 7 1 . 6  0 . 6 4 

8 2 0 3 4  1 7 7 . 8  3 7 1 . 6  0 . 6 7 

9 2 0 3 6  1 7 7 . 8 3 7 1 . 6  0 . 7 9 

1 0  2 0 3 8  1 7 7 . 8  3 7 1 . 6  0 . 7 3 

1 1  2 0 4 0  1 7 7 . 8  3 7 1 . 6  0 . 7 6 

1 2  2 0 4 2  1 7 7 . 8  3 7 1 . 6  0 . 7 9 

1 3  8 2 0  3 0  7 1 1 . 2  1 7 2 6 . 4  0 . 6 1 

1 4  2 2 3 0  1 7 7 . 8  3 9 5 . 6  0 . 6 1 

1 5  3 2 3 1  2 6 6 . 7  5 8 1 . 4  0 . 6 3 

1 6  2 2 3 1  1 7 7 . 8  3 9 5 . 6  0 . 6 3 

1 7  3 2 3 2  2 6 6 . 7  5 8 1 . 4  0 . 6 4 

1 8  2 " 2 3 2  1 7 7 . 8 3 9 5 . 6  0 . 6 4 

1 9  3 2 3 3  2 6 6 . 7  5 8 1 . 4  0 . 6 5 

2 0  2 2 3 3  1 7 7 . 8 3 9 5 . 6  0 . 6 5 

2 1  0 3 3  0 3 9 6 . 0  

* Se e  E s t ima tion o f  C o s t s  and DCF Ana l y s i s  s e c t i o n s  o f  
Chapter F i ve . 
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TABLE H - 4  

Ve r t i c a l  We l l s  Pro j e c t *  
3 , 0 0 0 - Foot , 7 5 MCF /D We l l  

( Raw Gas On S i t e )  
{ Constant 1 9 7 9  Dollars ) 

Tan g i b l e  I n t a ng i b l e  
Tot a l  I nve s tment I nve s tmen t  Operat i n g  

No . We l l s  No . We l l s  Act ive ( Thou s ands ( Thou s an d s  Co s t s  
Year D r i l l ed P l ugged We l l s  o f  Do l l ar s ) o f  Do l l a r s  ( $ /MCF ) 

0 1 2  0 1 1 9 7 . 6  2 2 7 2 . 8  

1 1 0  0 2 0  9 9 8 . 0  1 8 9 4 . 0  0 . 3 4 

2 2 0 2 2  1 9 9 . 6  3 7 8 . 8 0 . 3 7 

3 2 0 2 4  1 9 9 . 6  3 7 8 . 8  0 . 3 9 

4 2 0 2 6  1 9 9 . 6  3 7 8 . 8 0 . 4 2 

5 2 0 2 8  1 9 9 . 6  3 7 8 . 8  0 . 4 4 

6 2 0 3 0  1 9 9 . 6  3 7 8 . 8  0 . 4 7 

7 2 0 3 2  1 9 9 . 6  3 7 8 . 8  0 . 4 9 

8 2 0 3 4  1 9 9 . 6  3 7 8 . 8 0 . 5 2 

9 2 0 3 6  1 9 9 . 6  3 7 8 . 8 0 . 5 4 

1 0  2 0 3 8  1 9 9 . 6  3 7 8 . 8  0 . 5 7 

1 1  2 0 4 0  1 9 9 . 6  3 7 8 . 8  0 . 5 9 

1 2  2 0 4 2  1 9 9 . 6  3 7 8 . 8  0 . 6 2 

1 3  8 2 0  3 0  7 9 8 . 4  1 7 5 5 . 2  0 . 4 7 

1 4  2 2 3 0  1 9 9 . 6  4 0 2 . 8  0 . 4 7 

1 5  3 2 3 1  2 9 9 . 4  5 9 2 . 2 0 . 4 8 

1 6  2 2 3 1  1 9 9 . 6  4 0 2 . 8 0 . 4 8 

1 7  3 2 3 2  2 9 9 . 4  5 9 2 . 2  . 4 9 

1 8  2 2 3 2  1 9 9 . 6  4 0 2 . 8  0 . 4 9 

1 9  3 2 3 3  2 9 9 . 4  5 9 2 . 2  0 . 5 1 

2 0  2 2 3 3  1 9 9 . 6  4 0 2 . 8 0 . 5 1 

2 1  0 3 3  0 3 9 6 . 0  

* S e e  E s t ima t i on of C o s t s  and DCF Ana l y s i s  s e c t io n s  o f  
Chapter F ive . 
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TABLE H - 5  

Ver t i c a l  We l l s  P ro j e c t *  
3 , 0 0 0 -Foot , 1 0  0 MCF /D We 1 1  

( Raw G a s  On S i t e ) 
( Constant 1 97 9  Do l lars ) 

Tang ib l e  I ntang i b l e  
Total I nve s tment I nve s tment Oper a t in g  

No . We l l s  No . We l l s  Act ive ( Thou sands ( Thou s an d s  C o s t s  
Y e a r  Dr i l l e d  P l ugg ed We l l s  o f  Do l l ar s )  o f  Do l l ar s ) ( $ /MCF ) 

0 1 2  0 3 1 6 . 4  2 3 1 1 . 2  

1 1 0  0 2 0  1 0 9 7 . 0  1 9 2 6 . 0  0 . 2 9 

2 2 0 2 2  2 1 9 . 4  3 8 5 . 2  0 . 3 1 

3 2 0 2 4  2 1 9 . 4  3 8 5 . 2  0 . 3 3 

4 2 0 2 6  2 1 9 . 4 3 8 5 . 2  0 . 3 5 

5 2 0 2 8  2 1 9 . 4  3 8 5 . 2 0 . 3 7 

6 2 0 3 0  2 1 9 . 4  3 8 5 . 2  0 . 3 9 

7 2 0 3 2  2 1 9 . 4  3 8 5 . 2  0 . 4 1 

8 2 0 3 4  2 1 9 . 4  3 8 5 . 2  0 . 4 3 

9 2 0 3 6  2 1 9 . 4  3 8 5 . 2  0 . 4 5 

1 0  2 0 3 8  2 1 9 . 4  3 8 5 . 2  0 . 4 7 

1 1  2 0 4 0  2 1 9 . 4  3 8 5 . 2  0 . 4 9 

1 2  2 0 4 2  2 1 9 . 4  3 8 5 . 2  0 . 5 1 

1 3  8 2 0  3 0  8 7 7 . 6  1 7 8 0 . 8  0 . 3 9 

1 4  2 2 3 0  2 1 9 . 4  4 0 9 . 2  0 . 3 9 

1 5  3 2 3 1  3 2 9 . 1  6 0 1 . 8  0 . 4 0 

1 6  2 2 3 1  2 1 9 . 4  4 0 9 . 2  0 . 4 0 

1 7  3 2 3 2  3 2 9 . 1  6 0 1 . 8  0 . 4 1 

1 8  2 2 3 2  2 1 9 . 4  4 0 9 . 2 0 . 4 1 

1 9  3 2 3 3  3 2 9 . 1  6 0 1 . 8  0 . 4 2 

2 0  2 2 3 3  2 1 9 . 4  4 0 9 . 2  0 . 4 2 

2 1  0 3 3  0 3 9 6 . 0  

* S e e  E s t imation of Co s t s  and DCF Ana ly s i s  s ec t ion s o f  
Chapter F i ve . 
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TABLE H - 6  

Ver t i c a l  We l l s  Pro j e c t *  
3 , 0 0 0 -Foot , 1 5 0  MCF/D We l l  

( Raw G a s  On S i te )  
( Constant 1 9 7 9  Do llars ) 

Tan g ib l e  I n tang i b l e  
Total I nve s tmen t  I nv e s tmen t  Ope r a t i n g  

No . We l l s  No . We l l s  Act ive ( Thou s ands ( Thou s an d s  C o s t s  
Y e a r  D r i l l ed P l ugged We l l s  o f  Do l l ar s ) o f  Do l l a r s ) ( $ /MCF ) 

0 1 2  0 1 5 2 7 . 6  2 3 7 1 . 2  

1 1 0  0 2 0  1 2 7 3 . 0  1 9 7 6 . 0  0 . 2 3 

2 2 0 2 2  2 5 4 . 6  3 9 5 . 2 0 . 2 4 

3 2 0 2 4  2 5 4 . 6  3 9 5 . 2  0 . 2 6 

4 2 0 2 6  2 5 4 . 6  3 9 5 . 2  0 . 2 7 

5 2 0 2 8  2 5 4 . 6  3 9 5 . 2  0 . 2 9 

6 2 0 3 0  2 5 4 . 6  3 9 5 . 2  0 . 3 0 

7 2 0 3 2  2 5 4 . 6  3 9 5 . 2  0 . 3 2 

8 2 0 3 4  2 5 4 . 6  3 9 5 . 2  0 . 3 3 

9 2 0 3 6  2 5 4 . 6  3 9 5 . 2 0 . 3 5 

1 0  2 0 3 8  2 5 4 . 6  3 9 5 . 2  0 . 3 6 

1 1  2 0 4 0  2 5 4 . 6  3 9 5 . 2  0 . 3 8 

1 2  2 0 4 2  2 5 4 . 6  3 9 5 . 2  0 . 3 9 

1 3  8 2 0  3 0  1 0 1 8 . 4  1 8 2 0 . 8  0 . 3 0 

1 4  2 2 3 0  2 5 4 . 6  4 1 9 . 2  0 . 3 0 

1 5  3 2 3 1  3 8 1 . 9  6 1 6 . 8  0 . 3 1 

1 6  2 2 3 1  2 5 4 . 6  4 1 9 . 2  0 . 3 1 

1 7  3 2 3 2  3 8 1 . 9  6 1 6 . 8  0 . 3 2 

1 8  2 2 3 2  2 5 4 . 6  4 1 9 . 2  0 . 3 2 

1 9  3 2 3 3  3 8 1 . 9  6 1 6 . 8  0 . 3 3 

2 0  2 2 3 3  2 5 4 . 6  4 1 9 . 2  0 . 3 3 

2 1  0 3 3  0 3 9 6 . 0  

* S e e  E s t ima t i on o f  Co s t s  and DCF Ana l y s i s  s e c t io n s  o f  
Chapter F i ve . 
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TABLE H - 7  

Ve r t i c a l  We l l s  P ro j e c t *  
3 , 0 0 0 -Foot , 1 0  MCF/D We l l  

( Ga s  C l eaned and D e l ivered ) 
( Constant 1 9 7 9  Do llars ) 

Tan g i b l e  I n t ang i b l e  
Total I nve s tment I n v e s tment Ope r a t ing 

No . We l l s  No . We l l s  Ac t ive ( Thousands ( Thou s an d s  Cos t s  
Year Dr i l led P l ugged We l l s  o f  Do l l a r s ) o f  Do l l a r s ) ( $ /MCF ) 

0 1 2  0 9 6 7 . 8 2 3 0 0 . 5  

1 1 0  0 2 0  8 6 8 . 0  1 9 5 0 . 5  2 . 3 2 

2 2 0 2 2  1 2 9 . 8  3 5 0 . 0  2 . 4 1 

3 2 0 2 4  1 2 9 . 8  3 5 0 . 0  2 . 5 0 

4 2 0 2 6  1 2 9 . 8  3 5 0 . 0  2 . 5 8 

5 2 0 2 8  1 2 9 . 8  3 5 0 . 0  2 . 6 7 

6 2 0 3 0  1 2 9 . 8  3 5 0 . 0  2 . 7 5 

7 2 0 3 2  1 2 9 . 8  3 5 0 . 0  2 . 8 4 

8 2 0 3 4  1 2 9 . 8  3 5 0 . 0  2 . 9 2 

9 2 0 3 6  1 2 9 . 8  3 5 0 . 0  3 . 0 1 

1 0  2 0 3 8  1 2 9 . 8  3 5 0 . 0  3 . 0 9 

1 1  2 0 4 0  1 2 9 . 8 3 5 0 . 0  3 . 1 8 

1 2  2 0 4 2  1 2 9 . 8  3 5 0 . 0  3 . 2 6 

1 3  8 2 0  3 0  5 1 9 . 2  1 6 4 0 . 0  2 . 7 5 

1 4  2 2 3 0  1 2 9 . 8 3 7 4 . 0  2 . 7 5 

1 5  3 2 3 1  1 9 4 . 7  5 4 9 . 0  2 . 8 0 

1 6  2 2 3 1  1 2 9 . 8  3 7 4 . 0  2 . 8 0 

1 7  3 2 3 2  1 9 4 . 7  5 4 9 . 0  2 . 8 4 

1 8  2 2 3 2  1 2 9 . 8  3 7 4 . 0  2 . 8 4 

1 9  3 2 3 3  1 9 4 . 7  5 4 9 . 0  2 . 8 8 

2 0  2 2 3 3  1 2 9 . 8  3 7 4 . 0  2 . 8 8 

2 1  0 3 3  0 3 9 6 . 0  

* S e e  E s t imat ion o f  Co s t s  and DCF An a l y s i s  s e c t i o n s  o f  
Chapter F i ve . 
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TABLE H - 8  

Ver t i c a l  We l l s  P ro j e c t *  
3 , 0 0 0 -Foot , 2 5  MCF/D We l l  

( Ga s  C l eaned and D e l ivered ) 
( Constant 1 9 7 9  Dollars ) 

Tan g i b l e  I n t ang i b l e  
Total I nve s tment I n ve s tment Ope r a t ing 

No . We l l s  No . We l l s  Ac t ive ( Thou s ands ( Thou s an d s  C o s t s  
Y e a r  Dr i l l e d  P l ugged We l l s  o f  Do l l a r s ) o f  Do l l a r s ) ( $ /MCF ) 

0 1 2  0 1 1 7 1 . 3  2 3 8 5 . 8  

1 1 0  0 2 0  1 0 2 0 . 2  2 0 2 4 . 8 1 . 1 6 

2 2 0 2 2  1 5 1 . 2  3 6 1 . 0  1 .  2 1  

3 2 0 2 4  1 5 1 . 2  3 6 1 . 0  1 .  2 6  

4 2 0 2 6  1 5 1 . 2  3 6 1 . 0  1 .  3 1  

5 2 0 2 8  1 5 1 . 2  3 6 1 . 0  1 .  3 6  

6 2 0 3 0  1 5 1 . 2  3 6 1 . 0  1 .  4 1  

7 2 0 3 2  1 5 1 . 2  3 6 1 . 0  1 .  4 6  

8 2 0 3 4  1 5 1 . 2  3 6 1 . 0  1 .  5 1  

9 2 0 3 6  1 5 1 . 2  3 6 1 . 0  1 .  5 6  

1 0  2 0 3 8  1 5 1 . 2  3 6 1 . 0  1 .  6 1  

1 1  2 0 4 0  1 5 1 . 2  3 6 1 . 0  1 .  6 6  

1 2  2 0 4 2  1 5 1 . 2  3 6 1 . 0  1 .  7 1  

1 3  8 2 0  3 0  6 0 4 . 8  1 6 8 4 . 0  1 .  4 1  

1 4  2 2 3 0  1 5 1 . 2  3 8 5 . 0  1 .  4 1  

1 5  3 2 3 1  2 2 6 . 8  5 6 5 . 5  1 .  4 4  

1 6  2 2 3 1  1 5 1 . 2  3 8 5 . 0  1 .  4 4  

1 7  3 2 3 2  2 2 6 . 8  5 6 5 . 5  1 .  4 6  

1 8  2 2 3 2  1 5 1 . 2  3 8 5 . 7  1 .  4 6  

1 9  3 2 3 3  2 2 6 . 8  5 6 5 . 5  1 .  4 8  

2 0  2 2 3 3  1 5 1 . 2  3 8 5 . 0  1 .  4 8  

2 1  0 3 3  0 3 9 6 . 0  

* S e e  E s t imation o f  Co s t s  and DCF An a l y s i s  s e c t i o n s  o f  
Chapter F i ve . 
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TABLE H - 9  

Ve r t i c a l  We l l s  P ro j e c t *  
3 , 0 0 0 -Foot , 5 0  MCF /D We l l  

( G a s  C l eaned and De l ive re d )  
( Co nstant 1 97 9  Do l lars ) 

Tan g i b l e  I n ta n g i b l e  
Tot a l  I nve s tme n t  I n ve s tment Ope r a t in g  

No . We l l s  No . We l l s  Ac t ive ( Thousands ( Thou s ands C o s t s  
Year Dr i l l ed P l ugged We l l s  o f  Dol l a r s ) o f  Do l l ar s ) ( $ /MCF ) 

0 1 2  0 1 4 1 8 . 7  2 4 6 9 . 0  

1 1 0  0 2 0  1 2 4 0 . 9  2 0 9 7 . 5  0 . 6 7 

2 2 0 2 2  1 7 7 . 8  3 7 1 . 6  0 . 7 0 

3 2 0 2 4  1 7 7 . 8 3 7 1 . 6  0 . 7 3 

4 2 0 2 6  1 7 7 . 8  3 7 1 . 6  0 . 7 6 

5 2 0 2 8  1 7 7 . 8  3 7 1 . 6  0 . 7 9 

6 2 0 3 0  1 7 7 . 8  3 7 1 . 6  0 . 8 2 

7 2 0 3 2  1 7 7 . 8  3 7 1 . 6  0 . 8 5 

8 2 0 3 4  1 7 7 . 8  3 7 1 . 6  0 . 8 8 

9 2 0 3 6  1 7 7 . 8  3 7 1 . 6  0 . 9 1  

1 0  2 0 3 8  1 7 7 . 8  3 7 1 . 6  0 . 9 4  

1 1  2 0 4 0  1 7 7 . 8 3 7 1 . 6  0 . 9 7 

1 2  2 0 4 2  1 7 7 . 8  3 7 1 . 6  l .  0 0  

1 3  8 2 0  3 0  7 1 1 . 2  1 7 2 6 . 4  0 . 8 2 

1 4  2 2 3 0  1 7 7 . 8 3 9 5 . 6  0 . 8 2 

1 5  3 2 3 1  2 6 6 . 7  5 8 1 . 4  0 . 8 3 

1 6  2 2 3 1  1 7 7 . 8  3 9 5 . 6  0 . 8 3 

1 7  3 2 3 2  2 6 6 . 7  5 8 1 . 4  0 . 8 5 

1 8  2 2 3 2  1 7 7 . 8  3 9 5 . 6  0 . 8 5 

1 9  3 2 3 3  2 6 6 . 7  5 8 1 . 4  0 . 8 6 

2 0  2 2 3 3  1 7 7 . 8 3 9 5 . 6  0 . 8 6 

2 1  0 3 3  0 3 9 6 . 0  

* S e e  E s t ima tion 
Chapter F ive . 

o f  Co s t s  and DCF An a l y s i s  s e c t io n s  o f  

H - 9  



TABLE H - 1 0  

Ve r t i c a l  We l l s  Pro j e c t *  
3 , 0 0 0 -Foot , 7 5  MCF/D We l l  

( Ga s  C l eaned and De l 1 ve red ) 
( Constant 1 9 7 9  Do llars ) 

Tan g i b l e  I n tang i b l e  
Total Inve s tme n t  I n ve s tment Oper a t i n g  

No . We l l s  No . We l l s  Ac t ive ( Thous ands ( Thou s an d s  C o s t s  
Y e a r  Dr i l l e d  P l ugged We l l s  o f  Dol l a r s ) o f  Dol l a r s ) ( $ /MCF ) 

0 1 2  0 1 5 9 6 . 2  2 5 3 5 . 0  

1 1 0  0 2 0  1 3 9 5 . 7  2 1 5 2 . 2  0 . 5 5 

2 2 0 2 2  1 9 9 . 6  3 7 8 . 8  0 . 5 8 

3 2 0 2 4  1 9 9 . 6  3 7 8 . 8 0 . 6 0 

4 2 0 2 6  1 9 9 . 6  3 7 8 . 8  0 . 6 3 

5 2 0 2 8  1 9 9 . 6  3 7 8 .  8 0 . 6 5 

6 2 0 3 0  1 9 9 . 6  3 7 8 . 8  0 . 6 8 

7 2 0 3 2  1 9 9 . 6  3 7 8 . 8 0 . 7 0  

8 2 0 3 4  1 9 9 . 6  3 7 8 . 8 0 . 7 3 

9 2 0 3 6  1 9 9 . 6  3 7 8 . 8  0 . 7 5 

1 0  2 0 3 8  1 9 9 . 6  3 7  8 .  8 0 . 7 8 

1 1  2 0 4 0  1 9 9 . 6  3 7 8 . 8  0 . 8 0 

1 2  2 0 4 2  1 9 9 . 6  3 7 8 . 8  0 . 8 3 

1 3  8 2 0  3 0  7 9 8 . 4  1 7 5 5 . 2  0 . 6 8 

1 4  2 2 3 0  1 9 9 . 6  4 0 2 . 8 0 . 6 8 

1 5  3 2 3 1  2 9 9 . 4  5 9 2 . 2 0 . 6 9 

1 6  2 2 3 1  1 9 9 . 6  4 0 2 . 8  0 . 6 9 

1 7  3 2 3 2  2 9 9 . 4  5 9 2 . 2  0 . 7 0 

1 8  2 2 3 2  1 9 9 . 6  4 0 2 . 8  0 . 7 0 

1 9  3 2 3 3  2 9 9 . 4  5 9 2 . 2  0 . 7 2 

2 0  2 2 3 3  1 9 9 . 6  4 0 2 . 8  0 . 7 2 

2 1  0 3 3  0 3 9 6 . 0  

* S e e  E s t ima t i o n  o f  C o s t s  a n d  D C F  An a l y s i s  s e c t io n s  o f  
Chapter F ive . 
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TABLE H - 1 1 

Ve r t i c a l  We l l s  P ro j e c t *  
3 , 0 0 0 -Foot , 1 0 0  MCF/D We l l  

( Ga s  C l e aned and De l ivered ) 
( Co nstant 1 9 7 9  Do llars ) 

Tang i b l e  I n tang i b l e  
To t a l  I nve s tment I nve s tment Ope r a t i ng 

No . We l l s  No . We l l s  Ac t ive ( Thou s ands ( Thou s a n d s  Cos t s  
Year D r i l l e d  P l ugg ed We l l s  o f  Do l l ars ) o f  D o l l a r s ) ( $/MCF ) 

0 1 2  0 1 8 0 5 . 8  2 5 9 6 . 2  

1 1 0  0 2 0  1 5 8 6 . 4  2 2 1 0 . 9  0 . 4 9 

2 2 0 2 2  2 1 9 . 4  3 8 5 . 2 0 . 5 1 

3 2 0 2 4  2 1 9 . 4  3 8 5 . 2  0 . 5 3 

4 2 0 2 6  2 1 9 . 4  3 8 5 . 2  0 . 5 5 

5 2 0 2 8  2 1 9 . 4  3 8 5 . 2  0 . 5 7 

6 2 0 3 0  2 1 9 . 4  3 8 5 . 2  0 . 5 9 

7 2 0 3 2  2 1 9 . 4  3 8 5 . 2  0 . 6 1 

8 2 0 3 4  2 1 9 . 4  3 8 5 . 2 0 . 6 3 

9 2 0 3 6  2 1 9 . 4  3 8 5 . 2 0 . 6 5 

1 0  2 0 3 8  2 1 9 . 4  3 8 5 . 2  0 . 6 7 

1 1  2 0 4 0  2 1 9 . 4  3 8 5 . 2  0 . 6 9 

1 2  2 0 4 2  2 1 9 . 4  3 8 5 . 2  0 . 7 1 

1 3  8 2 0  3 0  8 7 7 . 6  1 7 8 0 . 8  0 . 5 9 

1 4  2 2 3 0  2 1 9 . 4  4 0 9 . 2  0 . 5 9 

1 5  3 2 3 1  3 2 9 . 1  6 0 1 . 8  0 . 6 0 

1 6  2 2 3 1  2 1 9 . 4  4 0 9 . 2  0 . 6 0 

1 7  3 2 3 2  3 2 9 . 1  6 0 1 . 8  0 . 6 1 

1 8  2 2 3 2  2 1 9 . 4  4 0 9 . 2  0 . 6 1 

1 9  3 2 3 3  3 2 9 . 1  6 0 1 . 8  0 . 6 2 

2 0  2 2 3 3  2 1 9 . 4  4 0 9 . 2  0 . 6 2 

2 1  0 3 3  0 3 9 6 . 0  

* Se e  E s t ima t ion o f  Co s t s  and DCF An a l y s i s  s e c t io n s  o f  
Chapter F i ve . 

H- 1 1  



TABLE H - 1 2  

Ver t i c a l  We l l s  P ro j ec t *  
3 ,  0 0 0 -Foot , 1 5 0  MCF/D We l l  

( Ga s  C l e aned and De l iver e d )  
( Co nstant 1 9 7 9  D o l l ars ) 

Tan g i b l e  I n tang i b l e  
To t a l  I nve s tment I n ve s tment Ope r a t i ng 

No . We l l s  No . We l l s  Ac t ive ( Thou s ands ( Thou s an d s  C o s t s  
Year Dr i l l e d  P l ugged We l l s  o f  Do l l a r s ) o f  D o l l a r s ) ( $ /MCF ) 

0 1 2  0 2 0 8 4 . 6  2 6 8 3 . 3 

1 1 0  0 2 0  1 8 2 9 . 9  2 2 8 8 . 2  0 . 3 9 

2 2 0 2 2  2 5 4 . 6  3 9 5 . 2  0 . 4 0 

3 2 0 2 4  2 5 4 . 6  3 9 5 . 2  0 . 4 2 

4 2 0 2 6  2 5 4 . 6  3 9 5 . 2  0 . 4 3 

5 2 0 2 8  2 5 4 . 6  3 9 5 . 2  0 . 4 5 

6 2 0 3 0  2 5 4 . 6  3 9 5 . 2  0 . 4 6 

7 2 0 3 2  2 5 4 . 6  3 9 5 . 2  0 . 4 8 

8 2 0 3 4  2 5 4 . 6  3 9 5 . 2  0 . 4 9 

9 2 0 3 6  2 5 4 . 6  3 9 5 . 2  0 . 5 1 

1 0  2 0 3 8  2 5 4 . 6  3 9 5 . 2  0 . 5 2 

1 1  2 0 4 0  2 5 4 . 6  3 9 5 . 2  0 . 5 4 

1 2  2 0 4 2  1 0 1 8 . 4  1 8 2 0 . 8  0 . 4 6 

1 3  8 2 0  3 0  2 5 4 . 6  4 1 9 . 2  0 . 4 6 

1 4  2 2 3 0  3 8 1 . 9  6 1 6 . 8  0 . 4 7 

1 5  3 2 3 1  2 5 4 . 6  4 1 9 . 2  0 . 4 7 

1 6  2 2 3 1  3 8 1 . 9  6 1 6 . 8  0 . 4 8 

1 7  3 2 3 2  2 5 4 . 6  4 1 9 . 2  0 . 4 8 

1 8  2 2 3 2  3 8 1 . 9  6 1 6 . 8  0 . 4 9 

1 9  3 2 3 3  2 5 4 . 6  4 1 9 . 2  0 . 4 9 

2 0  2 2 3 3  3 9 fi . O  

2 1  0 3 3  0 

* S e e  E s t ima tion o f  C o s t s  and DCF An a ly s i s  s e c t io n s  o f  
Chapter F ive . 

H - 1 2  
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